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FOREWORD 


nils  progress  report  was  prepared  by  the  Republic  Aviation  Corporation, 
Farmingdale,  New  York,  under  USAF  Contract  AF33(616)-8084.  The  contract  was 
initiated  under  Project  No.  1  (8-7381),  Task  No.  73812,  "Compilation  of  Unpub¬ 
lished  Materials  Liformation  on  Company  Sponsored  Programs. "  This  work  was 
administered  under  the  direction  of  the  Applications  Laboratory,  Materials  Central, 
Directorate  of  Advanced  Systems  Technology,  Aeronautical  Systems  Division,  with 
Mr.  F.  Glese  acting  as  project  engineer. 

This  quarterly  progress  report  (final  report  of  the  contract)  describes  unpub¬ 
lished  Republic  materials  data  compiled  during  the  period  16  January  1962  through 
31  March  1962. 

The  test  results  reported  in  this  compilation  were  due  to  the  efforts  of  many 
Republic  Aviation  personnel.  Since  a  list  of  contributing  personnel  would  be  too 
cumbersome,  only  the  departments  responsible  for  the  compilation  and  editing  of 
the  data  presented  herein  are  noted.  These  were  as  follows:  Manufacturing  Research 
and  Processes  Department  (Metallic,  NonmetalUc,  and  Welding),  Production  Engi¬ 
neering  Structures  and  Materials  Test,  Quality  Control  Test  Laboratory,  Applied 
Research  and  Development  Materials  Laboratory  (Applications  Group),  and  Tech¬ 
nical  Publications. 

This  program  was  coordinated  at  Republic  Aviation  by  Ronald  W.  McCaffrey 
of  the  Applied  Research  and  Development  Materials  Laboratory  (Applications  Group) . 
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ABSTRACT 


Property  data,  not  heretofore  published,  are  presented  for  twenty-one 
materials*  These  data  have  been  obtained  from  materials  programs  conducted 
by  the  Republic  Aviation  Corporation  during  the  past  five  years.  The  following 
materials  are  contained  in  the  data  compilation: 


Aluminum  Base  Alloys: 

X2020,  5456 

Magnesium  Base  Alloys: 

HK-31,  AZ63,  FS-1 

Titanium  Base  Alloys: 

Tl-4Al-4Mn. 

Tl-5Al-2.5Sn, 

Ti-6A1-4V 

Low  Alloy  Steels: 

(90%  Fe  or  greater) 

5Cr-Mo-V 

High  Alloy  Steels: 

(less  than  90%  Fe) 

17-7PH,  INVAR, 
AISI302 

Nickel  Base  Alloys: 

Ren4  41,  K-Monel, 
U-700,  Electroformed 
Nickel 

Plastics: 

Epoxy  Foams,  Epoxy 
Tooling  Resins, 
Conductive  and  Reflec¬ 
tive  Resins 

Transparent  Materials: 

Stretched  Plexiglas  55 
Plexiglas  n 
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INTRODUCTION 


The  environmental  and  design  requirements  necessitated  by  current 
and  advanced  aerospace  vehicles  have  created  a  myriad  of  divergent 
material  requirements.  In  order  to  cope  with  the  critical  dependence 
of  new  vehicles  on  materials  and  to  form  a  foundation  for  future 
materials  programs.  Materials  Central  has  initiated  a  program  to 
assemble  and  collate  previously  unpublished  materials  data  generated 
within  the  aerospace  Industry, 

The  materials  data  included  in  this  report  have  been  selected 
from  Republic's  materials  researeh  and  development  programs.  These 
programs  have  been  conducted  within  the  past  five  years  under  company 
snonsorship  or  in  support  of  contractual  commitments. 
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DATA  PRESENTATION 


The  materials  information  being  reported  under  this  contract  has  been 
evaluated  and  selected  on  the  basis  of  a),  its  usefulness  to  designers  within  Ihe 
aerospace  Industiy  and  b),  its  statistical  value  to  Materials  Central  (by  in¬ 
clusion  of  individual  test  points  in  lieu  of  Just  average  test  results). 

The  applicable  data  are  presented  in  the  Appendix  on  standard  data  sheets 
adopted  for  this  contract.  These  data  sheets  have  been  classified  and  documented 
with  the  following  pertinent  details;  general  class  of  data  (l.e. ,  mechanical 
properties,  electrical  pr(^rties,  thermo-physical  prc^rties,  etc.),  commercial 
material  identification,  material  status,  heat  or  batch  number,  form,  processing 
condition,  object  of  test,  Republic  Aviation  data  reference,  specimen  type,  and 
test  method. 

A.  DATA  CLASSIFICATION 

To  assist  the  \iser  of  this  report  in  locating  reported  data  on  any  parti¬ 
cular  material,  a  five  point  decimal  system  has  been  adopted  to  Identify  the  type 
of  data  presented.  This  system  basically  denotes  the  type  of  data,  major  mate¬ 
rial  classification,  secondary  material  classification,  specific  material,  and 
sequence  of  data  transmitted.  Subsequent  data  to  be  reported  under  this  con¬ 
tract  will  be  similarly  annotated.  Such  a  system  will  enable  die  user  to  readily 
collate  the  reported  data.  A  detailed  description  of  the  data  classification  system 
is  given  below. 

The  first  characteristic  (Ni.)  is  a  number  utilized  to  segregate  the  basic 
type  of  materials  data  into  one  of  the  following  categories: 

1.  Mechanical  Pr<^rties 

2.  Thermo-Physical  Properties 

3.  Electrical  Properties 

4.  Chemical  Properties 

5.  Miscellaneous  Properties 
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The  second  characteristic  (.N2.)  is  a  letter  denoting  the  two  major  material 
classifications,  namely,  "Metallic  Materials"  and  "Special  Purpose  Materials." 
For  Joint  design  data,  the  major  material  classifications  have  been  further  an¬ 
notated  as  shown  below: 


1.  Metallic  Materials 


AF. 

Metallic  Materials  -  Mechanical  Joints 

AG. 

Metallic  Materials  -  Welded  or  Brazed  Joints 

AH. 

Metallic  Materials  -  Adhesive  Bonded  Joints 

2.  Special  Purpose  Materials 

BF. 

Special  Purpose  Materials  -  Mechanical  Joints 

BG. 

Special  Purpose  Materials  -  Welded  or  Brazed  Joints 

BH. 

Special  Purpose  Materials  -  Adhesive  Bonded  Joints 

Ibe  third  characteristic  (.N3.)  is  a  number  designating  the  secondary 

material  classification  within  each  of  the  major  material  classifications.  The 
major  material  classifications  have  thus  been  sub-divided  as  follows: 

For  Metallic  Materials  (Code  A.  AF.  AG.  or  AH) 

1. 

Aluminum  Base  Alloys 

2. 

Magnesimn  Base  Alloys 

3. 

Titanium  Base  Alloys 

4. 

Beryllium  Base  Alloys 

5. 

Low  Alloy  Steels  (90%  Fe,  or  greater) 

6. 

High  Alloy  Steels  (less  than  90%  Fe) 

7. 

Nickel  Base  Alloys 

8. 

Cobalt  Base  Alloys 

9. 

Molybdenum  Base  Alloys 

10. 

Columbium  Base  Alloys 

11. 

Tantalum  Base  Alloys 

12. 

Tungsten  Base  Alloys 

13. 

Miscellaneous.  Metallics 

For'^pecial  Purpose  Materials  (Code  B.  BF.  BG.  or  BH) 

1.  Elastomers 

2.  Fluids  (Functional-energy  transmitting} 

3.  Lubricants 

4.  Adhesives 

5.  Fuels  and  Propellants 

6.  Insulation  (acoustic,  electric,  thermal) 

7.  Plastics,  laminated. 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 


Plastics,  miscellaneous 
Sandwich  construction 
Seals  and  Sealants 
Textiles 

Transparent  Materials 

Ceramics 

Coatings 

Composites 

Bearings 

Miscellaneous  Special  Purpose  Materlal,s 


The  fourth  characteristic  (.  N^.)  is  a  number  describing  the  specific  mS"- 
terial  (e. g. ,  M-252,  2024,  etc.)  being  reported.  This  number,  when  combined 
with  the  applicable  subdivisions  of  the  major  material  classification  (.  N2. )  and 
secondary  material  classification  (.Ns.),  will  identify  data  <xi  the  same  material 
throu^out  the  contract.  The  numerical  identification  of  each  material  is  based 
on  the  sequence  of  materials  information  being  reported  within  each  of  the 
secondary  material  classifications  (i.e. ,  if  2014  is  the  first  aluminum  alloy  re¬ 
ported,  X2020  the  second  and  7075  the  third,  they  would  be  numbered  .1,  .2, 
and  .3,  respectively). 


The  fifth  and  last  characteristic  (.  N5)  is  a  number  employed  to  denote  the 
sequence  of  data  collated  for  each  of  the  specific  materials. 


The  use  of  the  code  is  typified  the  following  examples. 

Example  1:  The  code  l.A.3.2.3  would  indicate: 

1.  Mechanical  Property  Date 

A.  Metallic  Material 


3.  Titanium  Base  Alloy 

2.  Ti-5Al-2,  5Sn  (2  nd  Titanium  Base  Alloy  Reported) 

3  3  rd  Date  Collation  for  Ti-5Al-2. 5Sn 

Example  2:  The  code  1.  AG.  6. 3. 1  would  indicate: 


1. 

AG. 

6. 

3. 

1 


Mechanical  Property  Date 

Metallic  Materials  -  Welded  or  Brazed  Joint 

Hi^  Alloy  Steel  (less  than  90%  Fe) 

AM-350  (3  rd  High  Alloy  Steel  reported) 

1  st  Date  Collation  for  AM-350 
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B.  MATERIALS  STATUS  -  DEFINITION 


In  order  to  permit  Republic's  materials  data  to  be  placed  in  the  pr<^r 
perspective  when  compared  with  similar  data  from  other  industry  soiirces,  each 
set  cf  data  has  been  annotated  with  the  commercial  status  of  the  material  tested, 
i.e.,  either  production,  semi -production,  or  experimental.  These  terms  are 
defined  as  follows: 

Production:  Material  which  is  readily  available  in  commercial  sizes  and 

is  usually  covered  by  an  approved  AMS,  MIL,  or  Federal 
material  specification. 

Semi-production:  Material  which  is  commercially  available  in  limited  sizes 

and  quantities  and  may  not  be  covered  an  AMS,  MIL,  or 
Federal  material  specification. 

Experimental:  Material  which  is  still  undergoing  laboratory  development, 

is  available  in  only  small  lots  and  sizes,  and  is  usually  not 
covered  by  aqy  material  specification. 

C.  SPECIMEN  TYPES  AND  TEST  METHODS 

Generally,  the  specimen  types  and  test  methods  emplc^ed  at  Republic 
Aviation  for  material  evaluation  are  in  conformance  with  an  applicable  Federal, 
military,  or  industry  recognized  testing  specification.  Whenever  possible,  and 
for  the  sake  of  brevity,  an  ai^licable  testing  specification  has  been  noted  on  the 
standard  data  sheets.  For  those  tests  which  are  not  covered  by  an  applicable 
specification,  the  pertinent  test  details  are  recorded.  In  some  cases,  the  re¬ 
ported  data  were  generated  prior  to  the  formalization  of  an  m)proved  testing 
standard.  In  those  cases  where  Republic's  testing  procedure  was  identical  to  a 
procedure  subsequently  adqpted  as  a  standard,  the  details  of  test  are  noted  as 
"the  same  as  Specification.  ..." 

The  pertinent  details  of  testing,  peculiar  to  the  testing  speoificatioim  noted 
on  the  standard  data  sheets,  have  been  described  in  the  First  Quarterly  Report 
issued  under  this  contract  as  Report  No.  RAC  767-251(357)  dated  14  July,  1961. 
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MASTER  DATA  INDEX 


To  assist  the  user  of  this  report  In  ascertaining  as  to  vhat 
data  Is  presented  under  each  data  classification,  a  Master  Data 
Index  section  Is  Included  In  the  following  section.  Data  presented 
In  previous  quarterly  reports  are  Included  In  the  Index. 
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METALLIC  MATERIAIS 


Load  Deflection 


METALLIC  MATERIALS 


gwee»Bje3K.$G  Az/ffATraa/v  capar»ae:fATffco/zr 


coef.  of  expansion 


SPECIAL  PURPOSE  MATERIALS 
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nmejest.ta  aan^^atv/menv 


Reflectivity  &  conductivity  measurements 


SPECIAL  PURPOSE  MATERIALS 


Parting  Agent 


APPENDIX 


Meohanloal  Property  Data  Sheets 
niermophysloal  Properties  Data  Sheets 
Eleotrioal  Property  Data  Sheets 
Miscellaneous  Property  Data  Sheets 
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APPENDIX  INDEX 


MECHANICAL  PROPERTY  DATA  SHEETS 
METALUC  MATERIALS 
Aluminum  Base  Alloys 
X2020 


5456 

Magnesium  Base  Alloys 
HK-31 
AZ-63 
FS-1 

Titanium  Base  Alloys 
Ti-4AMMn 
Ti-5Al-2.5Sn 
Ti-6A1-4V 

Low  Alloy  Steels  (90%  Fe  or  greater) 
5Cr-Mo-V 


High  Alloy  Steels  (less  than  90%  Fe) 
17-7PH 
INVAR 
AISI 302 
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CODE 


1.  A.  1.2.4 
l.AG.1.2.5 
l.A.  1.2.6 
l.AG.1.8.1 

l.A.2.1.3 

1,A.2.3.1 

l.A.2.4.1 

l.A.3.1.3 

1,AG;3.2.8 

l.AG.3.3.4 

l.A.  5. 3. 3 
l.A.5.3.4 

l.A.  6. 6.9 
l.A.  6.10.1 
l.AG.6.11.1 


MECHANICAL  PROPERTY  DATA  SHEETS 


METALUC  MATERIALS  (oont'd) 

Nickel  Base  Alloys 
Ren^  41 


K-Monel 

Electroformed  Nickel 

SPECIAL  PURPOSE  MATERIALS 
Transparent  Materials 

Stretched  Plexiglas  55 
Plexiglas  n 

THERMO-PHYSICAL  PROPERTY  DATA  SHEETS 
METALLIC  MATERIALS 
Nickel  Base  Alloys 
IJ-700 

SPECIAL  PURPOSE  MATERIALS 
Plastics 

Epoxy  Foams 

ELECTRICAL  PROPERTY  DATA  SHEETS 
SPECIAL  PURPOSE  MATERIALS 
Plastics 

Conductive  6  Reflective  Resins 

22 


CODE 


l.AG.7.5.5 


1.  AG.  7. 5. 6 


l.A.7.5.7 


l.A.7.7.1 

l.A.7.9.1 


l.BF.12.1.1 


l.BF.  12.2.1 


2.A.7.8.1 


2.B.8.2.1 


3. B.  8. 1.1 


MISCELLANEOUS  PROPERTY  DATA  SHEETS 


SPECIAL  PURPOSE  MATERIAL 
Plastics 

Epoxy  Tooling  Resins 


CODE 

S.  B.8.3.1 
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MBCHANICAL  PROPERTIES  OF  X2020  ALUMINUM 

eooEt 

1.A.1.2.U 

FADE  —1—  OF 

MATERIAL  IDENTIFICATION  (COML.I 

X2020  -  T6  Bare 

MATERIAL  STATUS 

Experimental 

NEAT  OR  SATCH  NUMBER 

Unavailable 

FORM 

Sheet 

PROCCSSINO  CONDITION 


See  Below 

/ 

OiJtCT  OF  TEST  Investigate  the  ef^fects  of  Inac  data  otF. 

various  surface  treatments  on  the  mech-  ESRMR  121,  dated  March  22,  I960 
anlcal  properties  of  bare  X2020  sheet 
specimen  type 

As  per  Federal  Test  Method  Standard  No.  l^la.  Method  211.1,  dated  May  6,  19$9 
TEST  METHOD: 

As  per  Federal  Test  Method  Standard  No.  l5la,  211.1  dated  May  6,  1999* 

As^received  matex*lal  contains  a  heat  treat  scale  composed  of  aluminum  oxide  with 
Inclusions  of  cupric  oxide  and  the  products  of  a  lithium-water  vapor  reaction.  Re¬ 
moval  of  this  scale  will  be  required  to  satisfy  fabrication  processing  requirements 
and  to  apply  a  controlled  corrosion  protective  coating.  Fabrication  processing  such 
as  spiot  welding  and  adhesive  bonding  demands  a  material  surf ace. free  of  scale.  The 
heat  treat  scale  on  X2020,  although  capable  of  providing  corrosion  protection,  is  not 
controlled  at  the  mill  as  to  composition  and  thickness. 

The  test  program  was  conducted  along  the  lines  of  first  removing  the  as-received 
scale  and  then  the  application  of  a  corrosion  protection  surface  treatment  which  Is, 
also,  capable  of  acting  as  a  base  for  paint. 

The  three  phases  of  the  program  were  as  follows: 

a.  Investigation  of  a, suitable  stripper  to  remove  the  "as-received"  heat  treat 
scale. 

b.  Investigation  of  the  suitability  of  anodising  by  the  chromic  acid  process  per 
MIIi-A-862^,  Type  I  and  the  use  of  chemical  film  treatment  per  MIIi-C-55Ul  as  corrosion 
preventive  treatments. 

c.  Investigation  of  conformance  of  the  protective  coating  to  the  corrosion 
x*eslstance  test  procedures  outlined  in  the  above-mentioned  mllltaz*y  specifications. 

All  panels,  each  3  inches  wide  by  8  Inches  long  by  .063  inches  thick  with  the 
length  transverse  to  the  rolling  direction,  were  cut  from  one  sheet  of  bare  X2020-T6 
aluminum  alloy  as  supplied  by  the  Aluminum  Company  of  America.  The  composition  of 


the  alloy  wast 

• 

Lithium 

Copper 

Manganese 

Cadmium 

Aluminum 

l.IJf 

k,S% 

0.5$ 

0.2$ 

Balance 

IfflCHANICAL  PRDPHtTIFS  OF  X2020  ALUMINUM 


PACE  ,?M,  OP 


The  following  stripping  solutions  were  used. 

a.  Tureo  #2897  *•  st  concentration  of  10  oz/gal.  of  water  at  roon  temperature. 
Panels  were  immersed  for  5-10  minutes  followed  by  rinsing  in  cold  overflowing  water. 

.  b.  Alcoa  Research  Laboratory's  solution  -  made  up  of  100  cc  of  sulphuric  acid  and 
35  grams  of  chromic  acid  added  to  water  to  make  1  liter  of  solution  and  maintained  at 
180°?.  Panels  were  immersed  for  5  minutes  followed  in  order  by  a  cold  water  rinse,  a 
1  minute  dip  in  20  percent  nitric  acid  solution  at  room  temperature  and  a  cold  water 
rinse. 

Surface  treatments  used  werst 

a.  Anodic  coating  per  specification  MIL-A-8625A,  Type  X  -  panels  were  anodized  in 
a  5-10  percent  chromic  acid  solution,  pH  of  0.7  maintained  at  90®F-95°F  for  30  minutes 
at  UO  volts. 

b.  Chemical  film  coating  per  specification  MIL-C-55U1  -  panels  were  treated  with 
Alodine  1000  in  accordance  with  standard  RAC  shop  procedure. 

Post  surface  tireatments  were: 

a.  Post  anodic  -  "sealed"  panels  were  rinsed  in  water  at  i50®F  minimum.  "Not 
sealed"  panels  were  rinsed  in  water  at  room  temperature. 

b.  Post  chemical  film  -  panels  were  rinsed  in  hot  ( 160°F-180°F)  water  for  lS-60 
seconds. 

The  following  tests  were  performed: 

1.  Corrosion  Resistance  Tests 

Salt  spray  exposure  -  panels  were  subjected  to  salt  spray  test  conducted  in 
accoxtlance  with  specification  QQ-M-lSl.  The  significant  surfaces  of  the  panels  were 
inclined  approximately  6^  from  the  vertical  and  the  salt  fog  was  approximately  20 
percent  (by  weight)  of  sodium  chloride. 

2.  Mechanical  n:^>perty  Tests 

Tensile,  elongation,  and  yield  values  were  obtained  from  flat  specimens  at 
hoom  temperature. 

3.  Coating  Weight  and  Thickness 

Two  (2)  anodized  panels  were  submitted  to  Alcoa  Research  Laboratories  to 
determine  coating  thickness  and  wei^t. 
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COOIt 

1.A.1.2.U 


PAae  3  I  or  -I _ 


Th«  r«8ult8  obtained  are  as  follows: 

1.  Visual  examination  of  panels  subjected  to  salt  spray  exposure  for  2U0  hours 
showed  that  the  anodised  sealed  panels  had  few  or  no  pits,  the  anodised  unsealed 
panels  had  few  pits,  the  stripped,  bare  panels  all  were  badly  pitted. 

2.  The  mechanical  property  values  are  listed  in  accompanying  tables. 

3.  The  anodic  coating  weights  and  thicknesses  obtained  by  follows: 

Stripper  Surface  Treatment  Coating  Thickness  Coating  Weight 

None  Anodised-Not  Sealed  .00011"  U62  mg/ft^ 

Alcoa  Anodlzed-Not  Sealed  .00011"  U28  mg/ft^ 

Results  of  panels  chemical  film  treated  are  not  repoz^ed  because  preliminary  tests 
showed  that  Alodine  treatment  was  not  satisfactory  for  bare  X2020. 

Conclusion: 

X2020  bare  aluminum  alloys  can  and  should  be  processed  as  per  specification  MIl^A- 
862$A,  Type  I*,  Although  the  results  indicate  that  the  Alcoa  stripping  solution  is  loss 
detrimental  than  the  Turco  stripping  solution  (elongation  results  on  stripped,  no  sur¬ 
face  treatment  specimens  subjected  to  2U0  hours  salt  spray),  either  stripping  solution 
will  be  satisfactory  inasmuch  as  the  results  obtained  on  anodized  specimens  are  cbm» 
parable  plus  the  fact  that  current  policy  at  RAC  calls  for  primer  to  be  applied  to 

anodized  surfaces,  panEIS  WITH  HEAT  TREAT  SCAIE 


Surface 

Salt  Spray 

Elongation 

* 

Treatment 

Exposure  -  Hrs. 

in  2"  -  Jf 

Tensile  KSI 

Yield  KSI 

None 

2U0 

6.$ 

80.0 

75.2 

A 

A 

5.5 

80.1 

7U.3 

Y 

v 

L.5 

78.6 

7U.3 

6.0 

79.0 

7U.1 

y 

6.5 

80.U 

73.7 

None 

U.8 

78.5 

72.9 

Anod  ized-Sealed 

6.0 

78.8 

73. U 

ts  ^ 

7.5 

78.9 

73.6 

1  1 

6.0 

78.U 

72.7 

6.0 

79.1' 

7U.0 

V  V 

6.0 

79.5 

73.5 

Anod ized-Sealed 

6.0 

78.6 

72.3 

Anodized-Not  Sealed 

5.0 

78.7 

72.6 

h  A  A 

6.8 

81.8 

73.U 

1  1 

6.7 

80.8 

70.U 

V  V  V 

\ 

li.5 

79. U 

73.6; 

Anodized-Not  Sealed 

2L0 

5.5 

78.6 

73  .U 

mM-nom 
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PANEIS  WITH  HEAT-TREAT  SCAIE  RIMOVED  WITH  ALOOA  STRIPPER 


Surface  Treatment 


Salt  Spray 
Expoaure  -  Hra. 


Elongation 

in  2”  -  jg  TensUe  KSI  Held  KSI 


.  None 


Anodized-Sealed 


Anodized-Not  Sealed 


Anodized-Not  Sealed 
Anodized-Sealed 
Anod ized-Sea led 
AnodiZed-Sealed 


None 


2UO 

None 

None 

None 


5.5 

79.6 

7I1.O 

5.8 

78.2 

73.2 

5.7 

78.0 

69.7 

6.0 

■  79.7 

73.0 

6.0 

80.2 

73.0 

5.0 

79.6 

73.5 

3.5 

79.li 

72.9 

li.O 

79.li 

72.1 

5.0 

79.7 

70.1 

5.0 

79.6 

73.2 

li.5 

79.9 

.  72.5 

5.5 

80.2 

73.6 

U.5 

80.0 

73.0 

5.0 

80.8 

75.li 

7.5 

8I1.5 

73.1 

7.0 

8O.I1 

73.9 

6.5 

79.8 

7I1.5 

5.0 

78.5 

73. li 

6.5 

79.6 

73.8 

7.0 

79.7 

73.8 

6.5 

78.5 

73.2 

6.0 

80.1 

73.6 

5.3 

80.1 

73.0 

5.0 

81.0 

75.0 

5.0 

80.6 

7I1.9 

6.5 

79.2 

73.0 

h.O 

78.0 

72.9 

5.5 

79.3 

73.5 

5.5 

78.8 

7I1.O 

6.0 

80.1i 

7I1.5 

5.5 

79.1 

73.1 

1».5 

79.1 

72.6 

7.5 

81.0 

.77.1 

6.5 

81.5 

76.6 

6.0 

81.1 

76.U 
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PANELS  WITH  HEAT-TREAT  SCALE  RSMOVED  WITH  TURCO  STRIPPER 


Salt  Spray 

Surface  Treatment  Exposure  -  Hre, 

None  None 


None 

2UO 


0 

None 

Anod is  ed-Sea led 

^  6 


0  ^ 

Anod ixed-Sealed 

Anodized-Not  Sealed 


«  »  'V  » 

Anodised-Not  Sealed  2U0 

Anodlsed-Sealed  None 

Anodised-Sealed  None 


Elongation 


in  2"  -  $ 

Tensile  KSI 

Yield  KSI 

6,0 

79.U 

73.9 

16 

79.9 

73.1 

16 

79.7 

73.2 

5.0 

79.1 

76.5' 

U.o 

78.8 

7U.3 

6.0 

78.2 

73.0 

3.0 

79.1 

73.0 

2.5 

78.2 

72.5  • 

2.0 

78.5 

72.7 

U.O 

78.2 

72.1 

5.5 

78.0 

72.6 

1.0 

76.2 

72  .U 

1.0 

76.9 

73.6 

2.0 

77.7 

73.0 

U.5 

79.3 

73.0 

6.0 

78.9 

72.9 

5.5 

79.1 

73.7 

5.8 

79.2 

73.0 

6.0 

79.2 

72.6 

6.5 

79.5 

73.1 

7.0 

79.7 

7U.2 

•  7.5 

79.9 

73.9 

8.0 

79.3 

73.5 

6.5 

78.5 

7U.U 

6,0 

79.6 

73.5 

7.0 

80.7 

75.1 

7.5 

78.9 

73.0 

5.5 

79.8 

73  .U 

7.5 

78.8 

73.6 

6,0 

79.1 

73.5 

6.5 

80.2 

7U.6 

6.0 

78.8 

7U.5 

7.0 

81.2 

76.8 

6.0 

81.1 

76.1 
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MECHANICAL  PROPERTIES  OF  X-2020 
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RiflBHHIf 

MATERIAL  IDENTIFICATION  (COML.I 

MATCRIAt  STATUS 

X2020*T6  Aluminum  Alloy 

Send-^oduction 

HEAT  OR  iATCH  NUMtCR 

FORM 

Unavailable 

•061l  Sheet 

PROCESSING  CONDITION 

T6  -  Solution  Treated  and  Artlflolally  Aged 


OBJECT  OF  TEST 

RAC  DATA  REF* 

To  Evaluate  Resistance  Spot  Welds  in 
X2020-T6  Aluminum  Alloy 

M.R*  Report  57-100-1 

SPECIMEN  TYPE 

Slii^e  Spot  Shear  Spednene  Per  9  July^  19$7$  Tension  Pullout  Specljasns 

Per  MEW*-U99Uj  28  October  1955»  or  Equivalent* 

TEST  METHOD:  ^  ^ 

Sln^e  Spot  Shear  and  Tensim  Pullout  Speojbnens  Tested  in  Aeoordanoe  With 
MIW/-6858A,  9  Jbly  19^7$  and  28  October  19$$$  Respectively* 


Shear 

Strength 

(lbs.) 

Tension 

Pullout 

Strength 

(lbs.) 

1622 

1595 

620 

1560 

155U 

ao 

1598 

1591 

ao 

1520 

158U 

615 

1586 

1606 

620 

5IF  Average 

1595 

1553 

1582 

1620 

153U 

1589 

1606 

l58li 

1652 

1595 

Average 

I—I 


MECHANICAL  PROPERTI^  OF  X2020  ALUMINUM 


MATERIAL  IDENTIFICATION  (COML.I 


X2020  (Bare) 


HEAT  OR  BATCH  NUMBER 


UnavallablB 


FROCESSINO  CONDITION 


-T6  Heat  Treated  and  Aged 


OBJECT  OP  TEST 


MATERIAL  STATUS 


Experimental 


Sheet 


RAC  DATA  REF. 


SPECIMEN  TYPE 


To  evaluate  the  mechanical  proper¬ 
ties  of  X2020  at  Room  Temperature  ESRMR  157  Dated  June  2,  i960 


fPt 

Tension-Std,  0,5"  wide  sheet  specimen  as  per  AnTC-13-T-l  June  1959 
Compression-Std,  1x3  sheet  specimen  as  per  ARTC-13-C-1  July  1957 


;V.TbV 


TEST  METHOD: 


Tensile  Tests.-  as  per  Fed,  Test  Std,  I5l9  Method  211,1  (May  1959) 
Compression  Tests  -  as  per  ARTC-13-C-1,  Sheet  specimens  weiTe  laterally 

supported  during  tests.  Strains  were  measured  with 
an  extensometer  having,  a  2"  gage  length* 

Flexure  fatigue  specimens.  Illustrated  on  page  2,  were  tested  in  a 
Kz*ouse  Testing  Machine  at  1000  cpm.  Both  notched  and  unnotched  specimens 
were  evaluated* 

.4xlal  fatigue  specimens.  Illustrated  on  page  3>  were  tested  in  a 
Sonntag  SF-IU  Testing  ^^achlne  at  I8OO  cpm.  Both  notched  and  unnotched 
specimens  were  evaluated  at  a  stress  ratio  of  R~0*10, 

Specimen  blanks  were  sheared  to  approximate  sizes,  and  the  static 
tension,  tension  fatigue  and  flexural  fatigue  specimens  were  stamped 
out  to  final  size  and  edges  polished  to  RMSUO  surface  finish*  The 
notched  specimens  were  placed  on  the  bed  of  a  vortical  miller,  clamped  to 
the  bed,  and  the  notch  produced  milling  with  a  Brown  and  Shaz*pe  double, 
angle  miller,  ground  to  a  0,001  inch  radius,  .  The  radius  of  the  miller 
was  checked  before  and  after  milling  of  the  notches,  as  were  the  depths 
and  radii  of  notches  milled  in  specimens  selected  at  random.  This  was 
accomplished  by  examination  of  the  quantities  in  question  on  an  optical 
corparator  at  a  magnification  of  lOOX,  The  reduced  sections  were  hand 
polirhed  to  HI'SliO  parallel  to  the  long  axis  of  the  specimen  to  eliminate 
the  role  of  random  defects.  Compression  test  specimens  were  sheared  to 
approximate  dimensions,  milled  to  finished  size  and  hand  polished  as  above* 
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NOTE:  Delete  notch  for  unnotched  specimen 


Flexural  Fatigue  Specimen  (NotchecQ 


cag9B»onA'rBonf 


I^ECHWICiU.  PROPERTIES  OF 


X2020  ALUMINUM 


PAGE 
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Tension-Tension  Fatigue  i^cimen 


cont^anA-rtoni 


MECHANICAL  PROPERTBS  OF  X2020  ALUMINUM 


L.2.6 


ROOM  TEMPFRATURE  TENSILE  TESTS 


Material 

Orientation 

Longitudinal 


Ultimate 

ksi 


79.6 

80.)4 

80.0 


Transverse 


.2%  Yield 
ksi 


1^.2 

75.6 

lh.9 

1^ 


%  Elong 
in  2" 


Modulus 

ksi 


10lj20, 

lliiOO. 

11860. 

11230. 

11610. 

11220, 

10lt70. 

11100, 


ROOM  TE:>!PERArURE  COI-gRESSION  TESTS 


Material 

Orientation 

Longitudinal 


Transverse 


,2%  Yield 
ksi 

87.1 

8h.2 

83.3 

85.U 

90.2 

87.3 

W76 


Modulus 

ksi 

11050, 

nmo. 

119h0. 

11380. 

121*00. 

10620. 

11730. 

Ii58o. 


m9»Mjma.§o  aaaaaai 


faa^avaaa/v 


C.OOE: 
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l.A.1.2.6 


PAGE 


OF 
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ROOM  TEMPERATURE  FIEXURE  FATIGUE  TESTS 


Ur'OTOIIED  SPSCL’ENS 


Material 

Orientation 


Lon^fituc’  ■  i';al 


Transverse 


Maxi nun 

Stress 

(ksi) 

Cycles 

to 

Failure 

liO 

31*300 

IjO 

13600 

Avg 

^3^  ■ 

30 

123000 

30 

82600 

Avg 

102^00 . 

20 

71*600 

20 

pli^OO 

Avg 

wm 

1? 

1318100 

1^ 

1259300 

Avg 

IOT7OO 

10 

3857800* 

Avg 

3857800 

1*0 

10900 

1*0 

13500 

Avg 

12200 

30 

60700 

30 

62500 

Avg 

61600 

20 

219700 

20 

263900 

Avg 

^hl*300 

15 

5886700 

Avg 

^HWoo 

■••Specimen  did  not  fail 

cat 


CC/fTMC/V 


code: 
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ROOM  TI’OTERArUT:  FLE/UR]^  FATIGUE  (NOTCHED)  TEST 
HOrCilED  SPLCl/.Ei;S 


Maximum 

Material  Specimen  Stress 

Orientation _ Number _ (icsi) 


Cycles 

to 

Failure  Comments 


Lonjyitudinal 

■ 


0 

Transverse 

.  4 


Longitudinal 

4  ■ 


Transverse 

4 


ho 

2700 

ho 

1500 

Avg. 

2100 

30 

10200 

30 

5900 

Avg. 

5o5o 

20 

19700 

Avg, 

20  • 

30800 

?525o 

ho 

3h00 

ho 

1700 

Avg, 

■3^ 

30 

hlOO 

30 

h500 

Avg, 

3300 

20 

10300 

20 

h3600 

Avg, 

26950 

ho 

2800 

ho 

3000 

Avg, 

7^ 

30 

1600 

30 

11300 

Avg, 

7900 

20 

29300 

20 

29600 

Avg, 

'29h50 

ho 

2200 

ho 

ihoo 

Avg, 

1^ 

30 

8300 

30 

6200 

Avg, 

7250 

20 

22500 

20 

21200 

Avg, 

21850 

Kt 


Kt  -3.83 

4 


Kt  -5.00 

4 


Kt  -5.00 

4 


.  ^ 


code: 
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ROOM  TEIffKRATURE  AXIAL  FATIGUE  TESTS 
UMJOTCHED  SPECIMENS 


Material 

Orientation 

Specimen 

Number 

Maximum 

Stress 

(ksi) 

Minimum 

Stress 

(ksi) 

Cycles 

to 

Failure 

Longitudinal 

ho 

h 

156000 

ho 

h  . 

279000 

ho 

h  ■ 

207000 

i 

ho 

u 

99000 

1 

ho 

h 

1866000 

(1) 

Avg. 

52IUOO 

Transverse 

ho 

h 

913000 

(2) 

A 

ho 

h 

877000 

ho 

h  ■ 

565000 

ho 

u 

282000 

* 

ho 

h 

762000 

Avg. 

679600 

(1)  Failed  through  upper  loading  hole, 

(2)  Failed  simultaneously  through  lower  loading  hole  and  reduced  section. 


Mvg/trga/y  con, 


fgITVC/V 


code: 
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ROOM  TEMPERATURE  AXIAL  FATIGUE  TESTS 
NOTCHED  SPECIWmMS 


Maximum 

Minimum 

Cycles 

Material 

Specimen 

Stress 

Stress 

to 

Orientation 

Number 

(ksi) 

(ksi) 

Failure 

Comments 

Longitudinal 

ho 

h 

hooo 

K.  -3.83 

ho 

h 

2000  ■ 

1 

ho 

h 

2000 

Avg, 

- 

Transverse 

ho 

h 

3000 

\  -3.83 

\ 

ho  , 

h 

3000 

1 

ho 

h 

Igoo 

V 

Avg, 

Longitudinal 

ho 

h 

1000 

Kfc  -5.00 

ho 

h  ■ 

1000 

1 

ho 

h 

1000 

,  V 

Avg. 

1000 

Transverse 

ho 

h 

1000 

Kt  =^.00 

h 

1 

ho 

h 

2000 

ho 

h 

3500 

\/ 

Avg, 

■5157 

Cycling  Rate;  1000  C,  P.  M. 


Unnotched 


CODC: 
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J  H  J  H  ‘  H 


<y 

u 

nJ 

0 


09 

V 

o 

U 


CO 

0 

00 

0 

'd 

o 

• 

CO 

'd 

a> 

• 

m 

X 

O 

If 

u 

II 

4-» 

4-» 

0 

Z 

X 

0 

2 

4-t 

X 

cang^anMnam 


Comparison  of  Axial  Fatigue  Data 


CODE! 

l.AO.1.6.1 

HBCRANICAL  FBOFERTIBS  OF  ALUMINUM 

f  A«K  JL-.  or 

MATERIAL  IDENTIFICATION  (cOMlJ 

MATERIAL  STATUS 

5U^6-K321  Alundnun  Alley 

Production 

NEAT  OR  RATCH  NUMRER 

FORM 

117-05 

.250  Inch  Sheet 

PROCERRINR  CONDITION 

H-321  (Strain  Hardez»d  end  StablllBed) 

-  —  --  -  -  -  -  -  _ --  - — _ _ _ 

ORJECT  OP  TEST 

To  Evaluate  Fusion  Welds  In  51|56-^321 
Aluminum  Alloy. 

RAC  DATA  REF. 

M.H.  Report  60-51-1 

/ 

tPKClMEN  TYPE 

Standard  Sheet  Metal  Ibnsile  And  Bend  Test  Specimens  Per  Federal  Test  Method  Standard 
No»  Igla  dated  May  6,  1959  • _ 


TEST  METMOD: 

Standard  Sheet  Metal  Tensile  and  Bend  Test  Specimens  Ibsted  In  Aooordanoe 
mth  Federal  Test  Method  Standard  No.  l^a  dated  May  6,  '19S9* 


BASE  >ETAL  TENSIIE  TESTS 


Ultimate 

Tensile 

Strength 

ksl 

0.2^ 

Offset 

Tield 

Strength 

ksl 

Percent 
Elongation 
In  2« 

Location 

of 

Failure 

5UJL 

33.8 

13.5 

53J* 

33.8 

13.5 

•» 

53.7 

33.3 

13.5 

- 

53.6 

33.2 

13.0 

mm 

53.8 

33.9 

11.5 

• 

53.6 

3U.0 

13.0 

mm 

53.7 

33.7 

13.0 

Notes 


eooe: 


l.AO.1.8.1 


IBCRAIIZGAL  FROFBRIIES  OF  $k$6  ALUMINUM 


PAoe  or  .A_ 


SINGLE  PASS  WELD  msm  TESTS 

!•  Ifelds  l^nBTirse  to  Strain  Axis,  Weld  Helnforoement  Ground  Flush 


Ultimate 

Ibnslle 

Strength 

ksi 

0.2%, 

Offset 

Yield 

Stzongth 

ksl 

Percent 
Elongation 
in  2" 

Location 

of 

Failure 

22.8 

■9.0 

W 

U5.8 

23.7 

9.5 

W 

U6.1 

23.7 

9.5 

w 

U3.8 

26.5 

9.0 

w 

U3Jli 

2li.6 

9.0 

w 

k$.6 

23 

10.0 

w 

h3^1 

25.8 

9.5 

w 

h3Ji 

21;  Ji 

9.5 

w 

h21 

23  J. 

7.0 

w 

la,3 

9.5 

w 

h3.7 

22.9 

10.5 

w 

h3*1 

22.2 

10.5 

w 

h3»3 

22.9 

10.0 

w 

k3.B 

22.8 

10.0 

w 

U3.5 

21.9 

10.0 

w 

Average  U3«8 

23.6 

9.5 

Notes 


2. 


Welds  iransinrse  to  Strain  Axis,  Weld  Reinforoement  Ihtact  (See  Note  $  for  Cl 
specimens) 


W;.9 

m 

7.0 

WT 

U7.0 

21.0 

9.0 

WT 

k6.6 

22  J. 

9.0 

WT 

heji 

2l;.3 

8.5 

WT 

U7.$ 

22.3 

9.0 

WT 

U8.2 

21.8 

10.0 

WT 

1;7.7 

21.3 

9.0 

WT 

1;9.2 

10.0 

WT 

1;9.7 

25.6 

9.5 

WT 

h7Ji 

21.1 

8.0 

WT 

Average  h7»7 

22  Ji 

8.9 

oagWi 


MBCKANIGAL  FR07ERT1SS.  OP  5156  ALUMINUM 


^Aac 


or-i- 


SmOEB  PASS  VELD  lENSILE  TESTS  -  C0WT»P 
3*  Weld  Parallel  to  StraiA  Axle^  Weld  Reiaforcement  Ground  Flueh 


Ultimate 
Tonsil e 
Strength 
ksl 

0.2^ 
Offset 
Yield 
■  Strength 
ksl 

Percent 
Elongation 
in  2" 

Location 

of 

Failure 

19Ji 

22.5 

iili.l 

18.8 

26.5 

•• 

hh.3 

19.3 

25.0 

^  ms 

li3.6 

18.9 

26.5 

am 

hk.2 

19.0 

2h*0 

- 

Average  l|i;*l 

19.1 

2k  .9 

Notes 


li«  Weld  Parallel  to  Strain  Aads^  Weld  Reinforcement  ]tetaot 


55.6 

23.5 

17.0 

NMT 

5U.3 

23  .U 

Uli.O 

NMT 

50.8 

9.0 

NMT 

57JL  . 

2h,3 

20.0 

NMT 

57.3 

23.7 

2lt.5 

NMT 

Average  55*0 

23.7 

16.9 

(6) 

(6) 


Notest  (1)  Spednens  shoved  little  or  no  visible  reduction  in  area^  but  failed 
on  a  plane  making  a  angle  Kith  the  spednen  face* 

(2)  Specimen  showed  visible  reduction  In  area^  not  msasured,  and  failed 
along  a  plane  making  a  k$*  an^le  vLth  the  speolasn  faoe* 

(3)  Specimen  showed  visible  reduction  in  area,  with  oup-cone  type  failure* 

(It)  Specixmn  showed  mottled  surface  at  strained  weld  deposit* 

(5)  Strength  based  on  measured  area  adjacent  to  weld* 

(6)  Strengths  listed  based  on  nominal  thickness  of  base  material,  althou|^ 
actual  cross-section  was  increased  by  presence  of  weld  reinforcement* 

W  ■  Wsld  WT  ■  Wald  toe,  fusion  line  NMT  ■  Failure  outside  middle  third  of 

gage  length 


MBCRANICAL  FROFERTIBS  07  $U$6  ALUMINlBf 


DOOBIE  PASS  WELDTENSnE  TESTS  . 

!•  Walds  Tt’ansrarsa  to  Strain  Aads^  Weld  Reinforoements  Ground  Flush 

0.25^ 

Ultlnate  Otffset 

Tensile  Held  Percent  Location 

Strength  Strength  Elongation  of 

Icsl  ksl  In  2"  Failure  Nates 

2$,1  10.0  W  fl),  (2) 

hk.8  25.3  10.5  W  (ij,  (2) 

lili.6  24.6  10.5  W  Cl),  (2) 

44.7  23.5  10.0  W  Cl),  C2) 

hh.h  25.7  9.5  W  (l),  (2) 

43.5  22.3  8.0  w  (1),  C2) 

44.3  24.7  9.5  W  Cl),  (2) 

44.2  24.7  10.0  W  Cl),  C2) 

44.2  23.9  9.5  W  Cl),  (2) 

44.4  23.0  10.5  W  (1),  (2) 

Average  44 24.3  9.8 


2.  Velds  Aransverse  to  Strain  Axis,  Weld  Reinforcements  Intaot 

47.9  24.2  10.5  WT 

47.4  27.0  10.5  WT 

48.1  26 32.0  WT 

48.5  27.1  12.0  WT 

49.8  27.9  12.0  WT 

46.3  26.6  10.0  WT 

44.9  27.1  8.5  HAZ 

48.3  26.3  10.0  WT 

46.2  26.4  10.0  HAZ 

46.9  25.6  .  3£20  WT 

Average  47.4  26»U  10.5 


Rotesi  (1)  Specimen  showed  visible  reduction  in  area,  not  measured,  vlth  fracture 
ooonrring  along  a  plane  making  a  45*  an^e  with  the  specimen  face. 

(2)  Specimen  showed  a  mottled  surface  at  the  weld  deposit. 

(3)  Specimen  failed  along  fusion  line  with  visible  reduction  in  area. 

(4)  Spedmen  failure  initiated  at  fusion  line  and  propagated  into  heat> 
affected  sone  at  45*  angle  With  specimen  face,  with  visible  reduction 
in  area  not  measured. 

W  ■  Weld  PIAZ  •  Heat  affected  zone  WT  ■  Weld  toe  -  fusion  line 


CODC: 


GUirCD  FACE  BEND  TEST  ICSULTS 


All  speojiiiBna  ground  flush  prior  to  testing* 
All  speolaens  1*0  *  *1  Inches  vide* 


Psrent  Metal  -  No  Weld 


Thickness 

Mandrel 

Diameter 

(Indies) 

Bend 

Radius 

ii'pii 

Bend ' 
An^e 

Remarks 

.259 

.985 

1.9 

180* 

satisfactory 

.259 

.985 

1.9 

180* 

satlsfactoxy^  specimen 

.259 

.875 

1.7 

180* 

edges  sharp 
satlsfactoxy 

•2$9 

.875 

1.7 

180* 

edges  sharpf  crack 

.259 

.875 

1.7 

76: 

Initiated  at  edge 
edges  sharpf  failed 

.259 

.755 

8U* 

edges  sharpf  failed 

.259 

.755 

l»h$ 

180* 

satisfactory 

.259 

.705 

1.35 

55* 

failed 

nlmum  Bend  Radius  ■  1.7  T 

Ltttdlnsl  Bends  -  (Bending  ^ansverse  to  Welding  Direction) 
A*  C*  «  Single  Pass  Welds 


.985 

2 

180* 

ahB 

.875 

1.75 

180* 

.755 

1.53 

180* 

.250 

.705 

IM 

86* 

.2U6 

.705 

I.UI4 

180* 

J2h6 

.705 

180* 

jnum  Bend  Radius  -  1.5  T 

1.  >  Double  Pass  Welds 

.236 

.985 

2.09 

180* 

.238 

.875 

1.83 

180* 

•23h 

.755 

1.61 

180* 

.228 

.705 

1.5U 

180* 

.2ia 

.705 

lJi6 

180* 

satlsfactocy 

satlsfactozy 

saUsfaotory 

falls df  defeot  In  veld 

crack  In  base  mtal 

crack  In  base  metal 


satlsfactoxy 

satlsfactoxy 

satisfactory 

satisfactory 

satisfactory 


Minimum  Bend  Radius  >  less  than  1*5  T 


leCRANICAL  PRGPERTIBS  OF  5U56  ALUMINUM 


coot: 


l.AO.1.8.1 


GUIDED  FACE  BEND  lEST  RESULTS  -  COIN'D 


Transverse  Bends  -  (Bending  Parallel  to  Welding  Direction) 

A*  C«  -  Slnd« 

Pass  Wslds 

Mandrel 

Bend 

Diameter 

Radius 

Bend 

Thickness 

(inches) 

itjif 

Angle 

Remarks 

.239 

.985 

2.06 

180* 

satlsfactoxy 

.21|0 

.985 

2.05 

180* 

small  c  racks  f  edge  of  neld 

.239 

.985 

2.06 

180* 

small  cracks^  edge  of  veld 

.239 

.875 

1.83 

180* 

small  cracks  in  weld 

.235 

.875 

1.86 

180* 

satisfactory 

.229 

.875 

1.91 

80* 

defect  in  weld 

.232 

,  .875 

1.88 

180* 

small  cracks  In  weld 

.235 

.875 

1.86 

180* 

small  cracks  In  weld 

.2la 

.875 

1.82 

180* 

satisfactory 

.2i;0 

.875 

1.82 

• 

o 

CO 

H 

cracked  fOU  length 
of  weld 

Minimum  Bend  Radios  -  Greater  than  2 

.0  T 

D.  C«  -  Double 

Pass  T'felds 

.239 

.985 

2.06 

180* 

2  small  cracks  in  weld 

.2li0 

.875 

1.82 

180* 

satlsfactoxy 

.233 

.875 

1.87 

180* 

satlsfactoxy 

.237 

.875 

1.85 

180* 

small  cracks  In  weld 

.233 

.875 

1.87 

180* 

satisfactory 

.875 

i.eo 

180* 

satisfactory 

.231; 

.875 

1.87 

180* 

satisfactory 

Jihh 

.875 

1.79 

180* 

satlsfactoxy 

.2h2 

.875 

1.80 

120* 

failed  at  edge  of  wsld 

.875 

1.78 

68* 

failed  at  ed^  of  weld 

Minimum  Bend  Radios  -  (Greater  than  2 

.0  T 

eoof  t 


MATIRIAL  IDENTIFICATION  ICOML. 

HK31-2U 


HEAT  OR  lATCH  NUMRER 


See  Data  Below 


FROCESSINO  CONDITION 

Strain  hardened  and  partially  annealed  as  per  MIL-M-26075 

oiJECT  OF  TEST  Certify  vendor  material 
for  RAC  proprietary  material  specificatioj 

SF EC  I  MEN  TYPE 

Flat  tensile  specimens  conforming  to  Federal  Test  Hetliod  l5l.  Method  211,  Type  F2, 
cut  parallel  to  the  rolling  direction, 

TEST  METHOD: 


The  elevated  temperature  tension  tests  were  conducted  in  accordance  with  Federal 
Test  Method  151»  Method  211,  Two  test  specimens  were  prepaz^d  from  each  sheet  of 
®®terial.  Each  specimen  was  subjected  to  short  time  heating  (30  minutes)  and  tested 
at  elevated  temperature.  One  specimen  was  tested  at  500*F  4-5®  and  the  other  at  ^0*F 
Xhe  tests  were  conducted  at  a  strain  rate  of  0,00$  +  0T002  inch  per  inch  per 
minute  to  the  ^rdleld  strength,  beyond  the  yield  strength""the  rate  of  strain  was  in¬ 
creased  to  0,11  to  0,lli  inch  per  inch  per  minute  of  cross  head  travel, 

NO'lEt  Tensile  yield  stirenth  was  not  recorded  as  it  is  not  required  ty  RAC  specification. 


RAC  DATA  REF. 

1,  Oiality  Control  Materials  Laboratory 
Acceptance  Files 


[ 

r 

I 

I 


code: 


l.A.2.1.3 


MECHAMICAL  PRCPERHES  OF  HK31  MiVJNESIUM 


PACE  -2 _  OP 


DATA: 

Gage .025  -  Vendor:  Dow 

Vendor  Test  Report  (Room  Terra,) 


T.S. 

T.Y.S. 

K3I 

KSI 

Elon/t. 

319001 

40.0/ 

33.1/ 

6.5/ 

40.2 

33.1 

8.5 

Republic  Test 


6oO°F 


T.S. 

KSI 

Slon^, 

T.S. 

KSI 

23.8 

16.5 

15.3 

20.0  . 

22.7 

17.0 

15.6 

20.0  . 

24.4 

19.5 

16.5 

20.0 

22.5 

14.5 

16.7 

18.0 

23.5 

17.5 

17.5 

21.5 

21.3 

17.5 

16.8 

21.5 

24.6 

13.0 

18.3 

19.0 

24.6 

22.5 

19.0 

20.0 

24.2 

15.5 

19.2 

22.0 

25.0 

15.0 

17.5 

25.0 

22.5 

20.0 

19.6 

27.5 

22.1 

20.0 

18.8 

21.0 

22.1 

19.0 

20.0 

18.0 

21.7 

16.5 

17.9 

20.5 

22.  S 

21.5 

18.3 

17.5 

20.8 

18.5 

19.2 

21.0 

22.9 

14.5 

19.4 

23.0 

20.4 

21.5 

20.0 

25.0 

21.7 

17.5 

17.4 

20.5 

22.5 

17.5 

17.5 

17.5 

17.6 

17.5 

17.9 

19.5 

19.2 

20.5 

16.6 

16.5 

22.3 

13.5 

17.7 

16.5 

19.3 

U.5 

15.7 

19.5 

20.0 

13.5 

16.5 

22.5 

19.8 

13.5 

17.1 

22.0 

19.6 

16.0 

14.2 

21.5 

20.1 

14.0 

15.9 

18.5 

20.2 

12.5 

17.1 

10.0 

20.4 

14.5 

15.0 

15.0 

21.0 

19.0 

15.4 

24.0 

21.8 

20.0 

17.9 

11.5 

21.3 

21.0 

17.2 

15.5 

20.2 

16.0 

14.8 

19.0 

20.7 

17.5 

15.9 

20.5 

19.3 

19.0 

19.5 

17.0 

19.9 

15.0 

15.9 

16.0 

21.6 

11.5 

16.9 

15.5 

20.8 

12.5 

17.5 

14.5 

21.3 

13.0 

18.3 

14.0 

20.8 

11.5 

19.2 

13.0 

20.4 

12.0 

18.3 

14.5 

19.8 

12.5 

25.8 

16.0 

code: 
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Gage ,025  (Cont'd) 

Vendor  Test  Report  (Room  Temp.) 


Republic  Test  Reports 


500^ 


Elong, 


T.S. 

KSI 


&OCfi? 


g-.qs& 


T.S.  T.Y.S. 

Lot  #  KSI  KSi 

319004 


C09020  37.8/  29.3/ 

37.8  29.4 


T.S. 

Elong.  KSI 

22.7 

24.0 

26.0 

27.1 

24.6 

24.0 

22.6 

22.5 
24.0 

25.2 

21.7 

23.3 

21.5 

21.4 

23. 5 
22.0 
23.0 
23.2 
22.0 

22.6 

23.8 

20.8 

17.5/  19.7 

18.5  18.8 

17.4 

18.5 

18.7 

19.7 

17.9 

18.0 

17.5 

16.8 


12.5 

18.7 

16.5 

14.5 

19.3 

15.5 

8.5 

19.8 

13.0 

7.5 

18.5 

15.5 

10.0 

18.0 

15.0 

13.0 

18.3 

u.o 

14.0 

20.5 

17.5 

10.0 

19.0 

13.5 

9.0 

18.0 

17.0 

9.2 

21.3 

15.5 

14.5 

16.7 

20.0 

15.5 

17.9 

19.0 

14.0 

18.3 

10.5 

16.5 

17.9 

19.5 

18.0 

18.3 

18.0 

21.0 

18.1 

17.5 

21.0 

16.8 

26.5 

12.0 

18.6 

16.5 

19.5 

18.4 

17.0 

16.0 

18.0 

16.0 

17.0 

17.6 

17.0 

2.0 

18.3 

17.0 

26.5 

16.5 

25.5 

23.5 

14.8 

31.0 

26.5 

16.2 

28.0 

27.5 

14.0 

30.0 

29.0 

16.5 

38.0 

29.0 

16.3 

32.0 

28.5 

16.9 

33.0 

38.5 

15.8 

37.0 

30.0 

17.5 

34.0 

32.5 

16.2 

30.0 

GOBBanMnam 


CODE! 


l.A,2.1.3 


MECHANICAL  PROPERTIES  OP  HK31  MAGNESIUM 


Gag* .050 

Vendor  Teat  Report  (Room  Temp.)  Republic  Test  Reports 


600°F  6002 


T.S. 

T.Y.S. 

T.S. 

T.S. 

Lot/ 

KSI 

KSI 

Elong. 

KSI 

Elong. 

KSI 

HSD&i 

799002 

3S.3/ 

29.5/ 

9.5/ 

17.7 

20.0 

38.4 

30.6 

10.1 

22.0 

19.0 

21.1 

22.0 

17.1 

16.0 

A99005 

38.4/ 

29.8/ 

9.0/ 

23.6 

18.0 

16.5 

23.0 

38.8 

30.9 

11.5 

14.3 

17.0 

19.5 

17.0 

15.3 

15.5 

18.5 

15.5 

code: 


KSCHANICAL  PROPERTIES  OF.  HK31  MAGNESIUM 


1.  A  .'a. 1.3 
JL.  OE-1 


Gage ,063 


Vendor  Test  Report  (Room  Temp. )  Republic  Test  Reports 

500°?  600°: 


T.S. 

T.y.s. 

T.S. 

T.S. 

Lot  #  . 

KSI 

KSI 

Elon^. 

KSI 

Elonfc. 

KSI 

Elone. 

599013 

38.5/ 

26.6/ 

7.5/ 

23.7 

18.0 

— 

38.8 

2d. 8 

8.5 

A090Q6 

33.2/ 

30.9/ 

22.4/ 

20.4 

21.5 

17.0 

23.5 

33.4 

31.3 

23.6 

20.9 

17.5 

16.5 

26  *0 

22.2 

25.5 

19.0 

23.0 

22.9 

22.5 

18.5 

22.5 

20.6 

23.0 

19.2 

20.0 

21.7 

22.5 

19.3 

21.5 

20.7 

23.5 

17.5 

23.5 

21.6 

22.0 

17.8 

23.0 

22.7 

22.0 

19.4 

21.0 

20.3 

22.0 

18.6 

22.5 

23.1 

32.0 

19.6 

21.0 

22.8 

22.5 

19.3 

21.0 

6D9Qif6 

39.3/ 

26.4/ 

5.5/ 

21.6 

18.0 

19.2 

21.5 

39.5 

26.9 

8.0 

21.9 

15.5 

17.5 

22.0 

21.0 

17.5 

17.3 

23.0 

27.9 

14.0 

18.7 

21.0 

MECHANICAL  PROPERTnS  O’?  AZ63,  CAST  MAGNESIUM 

code: 

l.A.2.3.1 

MATERIAL  1 PCNTI FICATION  (CQML.i 

AZ63 

MATERIAL  STATUS 

."i’o  duct  ion 

HEAT  OR  batch  NUMBER 

Not  available 

FORM 

Cast  Plate 

PROCESSING  CONDITION 

See  below 

OBJECT  OF  TEST  Evaluate  mechanical 

properties  of  different  tempers 

RAC  DATA  REF. 

ERM  lU,  dated  July  30,  1956 

SPECIMEN  TYPE 

As  per  Federal  Test  Method  Standard  No.  I5la,  Method  211,1,  dated  May  6,  1956 

TEST  METHOD: 


Tests  were  conducted  on  cast  AZ63  plate  obtained  from  the  Osbrink  Manufacturing 
Company,  Four  different  tempers  and  four  different  thicknesses  were  checked.  The 


four  tempers  were: 

AC' 

As-cast 

T2 

As-cast  and  stabilized 

Tl; 

Heat  treated 

T6 

Heat  treated  and  aged 

In  each  temper,  plates  were  made  in  nominal  thicknesses  of  3/32",  3/16"  and 

3A\ 

X-rays  wei*e-made  of  each  plate  and  specimen  locations  were  noted.  Strips  were 
cut  flrom  each  plate  and  identified  as  to  location  and  x-ray  number. 

Tensile  coupons  were  machined,  leaving  the  surface  of  each  specimen  in  the  as- 
cast  condition.  All  specimens  were  then  measured  for  area  determination  at  five 
separate  points  within  the  2"  gage  length;  at  the  center,  1/2"  and  1"  on  either 
side  of  the  center. 

Testing  was  done  at  room  temperature  on  the  Baldvrin-lima-l’amilton  Universal 
Testing  Machine  of  50,000  pounds  capacity  for  the  nominal  3/3^",  ?/l<^",  and  3/?" 
thick  specimens,  Wie  3/h"  thick  specimens  would  not  fit  the  grips  on  this  mac'^ine 
and  were  tested  in  the  Baldwin-Lima-Hamilton  Universal  testing  machine  of  60,0'^0 
pounds  capacity.  On  all  specimens,  a  recording  extensometer  was  attached  across 
the  gage  length  to  obtain  load-strain  curves  for  determination  of  the  tensile 
yield  point  {,2%  offset).  All  samples  did  not  fail  within  the  2"  gage  marks. 
However,  a  load-strain  record  was  still  obtained  on  all  samples,  and  yield  points 
determined  where  an  accurate  area  could  be  measured.  V^here  this  was  not  possible, 
no  values  are  given  and  a  retest  was  not  made. 

X-rays  wore  made  cn  each  of  the  plates  for  the  purpose  of  specimen  orientation 
and  determination  of  soundness.  The  following  comments  were  reported; 


code: 


l.A.2.3.1 


X-RAY  IDENTIFICATION  C'-’ART 


Thick¬ 

ness 

Temper 

X-Ray 
Serial  # 

Comments 

3/32 

Ti* 

1691*95 

Kodium  micro  shrinkaf^e  throughout. 

3/32 

T6 

1691*96 

Heavy  sponge  micj?o  in  2  areas  approximately  1"  square  each.  Seg¬ 
regation,  higher  density  inclusions,  small  concentration  of  blow 
holes  and  one  area  miss  run. 

3/32 

■T2 

1691*97 

Medium  micro  shrinkage.  One  area  of  sponge  micro  approximately 

2"  square.  Segregation  and  one  cold  shut. 

3/32 

AC 

1691*98 

Medium  micro  shrinkage  throughout. 

3/16 

Tl* 

1691*99 

Medium  to  heavy  micro  shrinkage  throughout.  High  density  in¬ 
clusions. 

3/16 

T6 

169500 

Medium  to  heavy  micro  shrinkage  throughout.  High  density  in- 
c lus ions . 

3/16 

T2 

169501 

Medii*m  to  heavy  micro  shrinkage  throughout. 

3/16 

AC 

169502 

Medium  to  heavy  micro  shrinkage  throughout. 

3/8 

Tl* 

169503 

Tiro  areas  on  either  side  of  plate  approximately  !§"  square  each. 
Concentration  of  sponge  micro  shrinkage.  Remainder  clean. 

3/8 

T6 

169501* 

Two  areas  on  either  side  of  rlate  approximately  Ig"  square  each  had 
concentration  of  sponge  micro  shrinkage.  Remainder  clean. 

3/8 

T2 

169505 

One  area  on  side  of  plate  approximately  2"  square  had  concentration 
of  sponge  micro  shrinkage.  Scattered  micro  shrinkage  in  remainder. 

3/8 

AC 

169506 

One  area  on  side  of  plate  approximately  2"  square  had  concentration 
of  sponge  micro  shrinkage.  Scattered  micro  shrinkage  in  remainder. 

3/14 

Tl* 

169507 

Light  micro  shrinkage  in  very  small  area.  Remainder  clean. 

3/1; 

T6 

169508 

Micro  shrinkage  in  approximately  1"  square  area.  Remainder  clean. 

3/1*  . 

T2 

169509 

Sponge  micro  shrinkage  in  3  areas  ranging  from  1"  to  2"  scuare. 
Remainder  very  clean. 

3/1* 

AC 

169510 

Sponge  micro  shrinkage  on  side  of  plate  2"  square,  Micro  shrink- 

age  in  another  area  approximately  1"  square.  Remainder  very  clean. 


code: 


Mechanical  properties  cf'az63  cast  t/AGKFSiur! 


l.A.2.3.1 


^AOE  -2 —  or  _Jil 


SWMARY  TABLE  OF  AVERAGE 

VALUES  * 

Temper 

Nominal 

Thickness 

Ultimate  Tensile 
Strenr^th  (psi) 

Yield  Strength 
,2%  Offset  (psi) 

^  Elongation 
in  2" 

AC 

3/32 

2liU80 

16720 

2.3 

3/16 

2311*0 

15270 

2.25 

3/8 

23100 

13050 

2.7 

3/U 

21*890 

13660 

1*.5 

-T2 

3/32 

22730 

19080 

1.8 

3/16 

2891*0 

18710 

2.1 

3/8 

23200 

11*1*30 

3.1 

3/U 

21*780 

1381*0 

3.8 

-Til 

3/32 

2631*0 

17950 

3.3 

3/16 

25390 

15610 

2.6 

3/8 

30000 

13790 

U.5 

3A 

29880 

15150 

5.0 

rT6 

3/32 

28660 

20660 

1.8 

3/16 

311i90 

20560 

1.75 

3/8 

321*1*0 

I603O 

3.25 

3A 

32030 

17590 

3.9 

«  Values  are  average  of  2  or  more  specimens 


COOCi 


l.A.2.3.1 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAOf’-SIUM 


PAac 


SiriMARr  OF  T^ST  RESULTS.  ALL  PUTE 
THICKNFSS,  IN  "AS  CAST"  OC'NDITION 


t  -  3/32 


t  -  3/16 


t  -  3/8 


t  -  3A 


Spec imen 
Code  11) 

Failure 

Zone(2) 

Ult.  Ten. 
Strength( PSi) 

Yield  Strength 
,2%  Offset(PSI) 

%  Elongation 
in  2“ 

I69li98-1 

5 

26,180 

16,620 

15,500 

-2 

2 

21,300 

1.5 

-3 

5 

22,li50 

lli,300 

-li 

3-U 

25,600 

16,900 

2.5 

-6 

1 

21^,750 

26,900 

19,300 

3.0  • 

169502-1 

5 

18,700 

U,750 

-2 

5 

21,900 

16,100 

- 

-3 

5 

2li,U00 

15,600 

2 

25,200 

Hi,  200 

2.5 

-5 

5 

25,500 

15,700 

2.0 

169506-1 

5 

22,750 

13,250 

-  (1.5) 

-2 

1 

22,350 

13,050 

-  (3.0) 

-3 

1 

23,600 

12,050 

-  (2.5) 

-li 

1-2 

23,700 

13,850 

li.o 

169510-1 

3-li 

25,600  i 

12,800 

5.0 

-2 

1 

25,550  j 

Hi,  500 

3.5 

-3  ' 

1-2 

26,200 

13,500 

5.0 

5 

22,200 

13,850 

mm 

(1)  Initial  series  of  numbers  correspond  to  x-ray  number  assigned  by  the  Quality 

Control  Laboratory.  The  dash  number  indicates  position  of  specimen  in  the  sheet. 


(2)  QQ-M-$6  requirements 

Cast  Bar 

Specimen  from  Casting 


^tu _ 

2l|000  psi 

18000 


^ty  >1  El.  (in  2") 

10000  psi  U.O^ 

1.0';^ 


code: 


l.A.2.3.1 


'MECHANICAL  PROPERTIES  0^  AZ63  CAST  ^'AGN’^SIUK 


SUW'ARY  OF  TFST  RESULTS.  ALL  PLATE 


THICKNESS.  IN  -T2  COL'DITION  (1 


Failure  Ult,  Ton. 
Zone (2)  Strength (psl 


1  20,i400 

3-li  22,800 

Itnpro  5er  Test 
1  20,700 

1  27,000 

No  specimen 


30,U0O 

28,100 

28,33'0 

27,550 

30,300 


19,li00 

23,000 

25,200 

25,200 


ield  Strength 
2%  Offset(psi 


17,500 


18,300 

19,250 

18,780 

18,600 

18,600 


Hi,  200 
Hi,  700 
Hi,550 
Hi,  250 


12,700 

16,150 

13,100 

13,li00 


Elongation 
in  2" 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


COOCt 


l.A.2.3.1 


PAOC 


OF 


ST  WARY  OF  TEST  RESULTS.  ALL  PUTE 
THICKNESSES,  IN  -Tl|  CCNDITION 


t  -  3/32 


t  p  3/16 


t  -  3/8 


t  -  3A 


Spec Imen 
Code 

Failure 

Zone 

Ult.  Ten. 
Strength(psi) 

Yield  Strength 
Offset(psl) 

%  Elongation 
in  2" 

I69li95-1 

Faile 

i  in  Grip 

-2 

5 

26,1*50 

17.500 

3.0 

-3 

1* 

25,760 

16,100 

3.5 

>5 

26,600 

19,100 

- 

No  Sp 

jcimen 

-6 

No  Sp 

;clmen 

1691*99-1 

>5 

25,000 

15,000 

-2 

1* 

26,1*00 

11*,  600 

3.0 

-3 

3 

2l*,350 

17,050 

2.5 

-U 

1 

27,250 

15,150 

3.0 

-5 

1 

1  23,950 

16,250 

2.0 

169503-1 

2 

1 

28,200 

1 

ihfOOO 

1*.5 

-2 

>-5 

30,600 

13,500 

-  (i*.5) 

-3 

>5 

32,000 

11*,  200 

1  -  (1*.5) 

-1* 

>5 

29,000 

13,1*50 

1  -  (1*.5) 

169507-1 

1 

27,900 

I 

ll*,900 

'  l*.o 

-2 

Faile 

1  in  Grip 

-3 

Faile 

d  in  Grip 

-1* 

2 

31,850 

15,1*00 

6.0 

QQ-+I-56  requirements 

Separately  Cast  Bar  %  El.  ( in  2'*) 

3L,OOOpsi  ToJOOOpsI  TM 

Specimen  from  Casting  25,500  -  1,75 


9ami^ajma.ats  caa»i 


aaM-raam 


SU^?'ARY  OF  TFST  RESULTS.  ALL  PLATE 


THICKNESSES,  IN  -T6  CONDITION 


Spec Imen 
Coda 


169U96-1 

-2 


1 

3 

'1 

►1 

5 

No  Test 


33,200 

28,200 

2^,800 

26,2iiO 

29,850 


900 
700 
U50 
160 
20,100 


%  Elongation 
in  2'' 


1695 00-J 

-2 


27,300 

32,650 

30,900 

33,150 

33,U50 


21,000 

20,550 

19,900 

21,000 

20,350 


l695oli-l 

-2 

-3 

Ax 


29,050 

33,U50 

33,Uoo 

33,850 


17,500 

16,550 

18,100 

17,950 


2.5 

U.5 

-(3.0) 

3.0 


169508-1 

-2 

-3 

-U 


29,100 

31,900 

33,000 

32,100 


18,900 

1U,850 

18,600 

17,800 


code: 


HSCHAMICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


l.A.2.3.1 


8  la 

^Aac  —I—  OP  Jit. 


Typical  Stress-Strain  Curve  for 
Nominal  3/32  Inch  **AC*'  Plate  ■ 
169498-4 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  I-IAGNESIUM 


Typical  Stress«4train  Curve  for 
Nominal  3/16  Inch  "AC"  Plate 
169502-^ 


1 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 

CODE  ; 

l.A. 2.3.1 

PA6E  _ ^  OF  kj-,. 

Typical  Stress-Strain  Curve  for 
Nominal  3/4  Inch  "AC"  Plate 
169510-3 


ajma.to  ca 


miM-rMoiy 


M3CHAIJICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


I^ploal  Stress-Strain  Curve  for 
Nominal  3/32  Inch  -T2  Plate 
169497-2 


Stress  -  KSI 


1 


code: 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


PAGE 


l.A.2.3.1 


-il  0,  JO, 


Strain  -.Inches/Inch 


Typical  Stress  -  Strain  Curve  for 
Nominal  3/16"  -  T2  Plate 
169501-4 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


Stress 


cook: 


MX'ilANICAL  PROPliRTIES  OF  AZ63  CAST  MAGNESIUM 


PAGE 


1.A.2 


15 


OP 


la 


strain  •  Inches/lneh 


Typical  Stress-Strain  Curve  for 
Nominal  3/4  Inch  -T2  Plate 
169509-3 


MaCHAlilCAL  ?RO?£RTISS  OF  AZ63  CAST  MAGN3SIUM 


CaCE: 


l.A.2.3.1 


PAGE  —  OF  hi 


Straln-lnches/lnch 

laical  Stress  -  Strain  Curve  for 
Nominal  3/32  Inch  74  Plate 
169495Ht 


.i 


1 

I 

I 

I 

I 

I 


T 


[ 


cooe: 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


1«A«2  #3 •! 


^AGC 


17 


OF 


Typical  Stress-Strain  Curve  for 
Nominal  3/16  Inch  T4  Plate 
169499-3 


yMnanf 


MECHANICAL  PROPERTIES  OP  AZ63  CAST  MAGNESIUM 


laical  StressHStraln  Curve  for 
Nominal  3/8  Inch  T4  Plate 
169503-2 


code: 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


l.A.2.3.1 

19  Ul 
AGE  -  or  _ 


Strain-InobesAnch 


Typical  Stress-Strain  Curve  for 
Nominal  3/4  Inch  T4  Plate 
169507-1 


cook: 


MECHANICAL  PROPERTIES  OP  AZ63  CAST  MAGNESIUM 


cooe: 


1.A.2 


r  Aoe 


21 


Typical  Stress  -  Strain  Cunre  for 
Nominal  3/l6  Inch  T6  Plate 
169500-5 


eoDCi 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


l.A.2.3.1 


PAGE  — OF  4l ,  ■ 


Straln-InchesAnoh 

Typical  Stress  -  Strain  Curve  for 
Nominal  3/8  Inch  T6  Plate 
169504-4 


coot: 


Typical  Stress  -  Strain  Curve  for 
Nominal  3/4  Inch  T6  Pl^ 
169508-4 


code; 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


l.A.2.3.1 


2U  la 

rAOE  _ —  or  Z±_ 


35,000 


30, 000 


25, 000 


^  20,000 

V 

b 

CO 

.3 

I 

^  15, 000 

s 


10. 000 


9  9 


o  • 

3/32" 

Thick  Plate 

L  - 

3/16" 

M 

ft 

a  • 

3/8" 

ff 

ft 

O  - 

CO 

ft 

If 

5,000 


0 


JJl  I  i  I  u  IJ  1  ■ 

AC 


.QQ-M>56  Requirement 
Separately  Cast  Bars  • 

Specimens  From  Casting  q 

_ I _ I  . I  ■■■ 

T-2  T-:4  -T6 

Temper  Designation 

Ultimate  Tensile  Strength 
vs.  Temper  for  Various 
Plate  Thicknesses 


fM-TMO/W 


COOES 


MECHANICAL  PROPERTIES . OP  AZ63  CAST  MAGNESIUM  l.A.2.3.1 

25  Ul 

fAoc  _ or  ZZ _ 


Ultimate  Tensile  Strength  vs 
Thickness  of  Plate  for 
Various  Tempers 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


MECHANICAL  PROPERTIES  OF  A263  CAST  MAGNESIUM 


code: 


l.A.2.3.1 
PAOE  -HL.  or 


yMnom 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


>!%f 


KECKAMICAL  PR0P1!»IIBS  OF  AZ63  CAST  KAQNGSIUM 


1 


coot: 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


l.A. 2.3.1 


iLoriiL. 


1 


1 

code: 

MECHAMICAL  PROPEaTIES  OF  AZ63  CAST  MAGNESIUM 

l.A. 2.3.1 

' 

33  .  hi 

PAGE  OF  - 

j 


I 

1 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  MAGNESIUM 


MECHANICAL  PROPERTIES  OF  AZ63  CAST  KAONESIUM 


CODE! 


l.A.2.3.1 


^AOE  -21-  or  JiL 


I 

I 

I 

I 

I 

I 

I 
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M£CI:ANICAL  properties  of  FS-1  MJIGNESIUM 


1.A.2.U.1 


_ 

FACE  — OF  -id- 

MATERIAL  1  DENT  1  PI  CAT  1  ON  ( COML . 1 

FS-1  Magnesium 

MATERIAL  STATUS 

Production 

HEAT  OR  BATCH  NUMBER 

Unavailable 

FORM 

Sheet 

PROCESSING  CONDITION 

H2U  -  Strain  hardened  and  partially  annealed 

OBJECT  OF  TEST:  Determine  effect  of  I 

RAC  DATA  REF. 

unstressed  heating  in  room  temperature 
strength. 


EEMR  li080  dated  July  9,  1957 


SPECIMEN  TYPE 

Standard  0.5"  wide  sheet  specimens-The  same  as  Fed.  Test  Std  151  a  Method  211.1  (May  1959) 


TEST  METHOD: 

Tensile  tests  were  conducted  on  a  Baldwin-Emery  SR-U  testing  machine  at  a  strain 
rate  of  .005  inches/inche s/minute.  Each  specimen  was  subjected  to  unstressed  heating  ' 
and  then  tested  at  room  temperature.  The  specimens  were  e^qposed  to  vazdous  tempera-*- 
tures  ranging  from  275®  1  to  li25®  t  ^Op.  The  time  of  exposure  varied  between 
5  minutes  and  60  minutes. 


Three  different  sheet  thicknesses  were  selected  for  evaluation.  These  sheets 
were  chosen  so  that  each  thickness  represented  a  different  as-received  tensile  strength. 
The  variation  in  as-received  tensile  strength  is  denoted  in  the  succeeding  tables  by 
M  &  L  (highy  medium  and  low,  respectively). 
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code: 

1.A.2.U.1 

PAGE  ,  ?—  or 


ROOM  TEMPERATURE  TENSILE  TEST  DATA  -  AS  RECEIVED  CONDITION 


Spec. 

No. 

Thick- 

nees 

U.T.S. 

K.S.I. 

Y.T.S. 

K.S.I. 

Elong. 

L-1 

.0875 

h2,o 

36.6 

17.0 

L-2 

.0870 

k3.6 

3l*.2 

15.0 

L-3 

.0880 

U2.2 

32.1 

16.0 

Avg. 

1x2,6 

3U.3 

16.0 

M-1 

.050 

h$,0 

35.1* 

16.0 

M-2 

.050 

kk.8 

35.9 

18.5 

M-3 

.0U9 

1*5.9 

37.0 

23.5 

Avg. 

- 

U*.9 

36.1 

19.3 

H-1 

.026 

U7.0 

1*2.3 

*3.5 

H-2 

.030 

1*7.5 

37.3 

18.5 

H-3 

.026 

51.7 

1*2.3 

.  12.5 

Avg. 

M 

U8.7 

1*0.6 

15.5 

QQ-M-UU  (a) 

39.0  (min.) 

29.0(min.) 

U.O  (min.) 

*  Broke  in  gage  mark  -  not  averaged. 
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^ffiCHANICAL  PROPERTIES  OF  FS-1  MAGNESIUM 


X»A»2 


f  AGE 


ROOM  TEMPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATINO 


Spec, 

Thick¬ 

Exposure 

U.T.S. 

T.T.S. 

& 

/(  Decrease  from 

As-Received 

No. 

ness 

Condition 

K.S.I. 

K.S.I. 

Elotig. 

U.T.S. 

Y.T.S. 

IL 

.0837 

275°F-5  ndn. 

1*1.7 

32.2 

18.0 

2L 

.0886 

U1.3 

32.2 

22.0 

3L 

.0337 

1*1.3 

32.5 

20.0 

Avg. 

- 

ui.i* 

32.3 

20.0  . 

2.82 

5.83 

IjM 

.OU96 

275®F-5  min. 

39.7 

29.6 

23.0 

$K 

.01(96 

39.8 

30.U 

2U.0 

6M 

.0U98 

39.7 

30.7 

2U.0 

Avg. 

39.7 

30.2 

23.7 

11.58 

16.35 

7H 

.0263 

275°F-5  ndn. 

1*1.1 

35.1 

18.0 

8H 

.026U 

1*1.6 

3U.1 

18.0 

9H 

.0262 

1*2.0 

3U.3 

18.0 

Avg. 

- 

Ul.6 

3U.5 

18.0 

IU.58 

15.00 

lOL 

.0889 

275°F-10  min. 

Ul.8 

33.3 

16.0 

IIL 

.0336 

1*1.8 

33.5 

18.0 

12L 

.0335 

1*1.8 

33.1 

19.0 

Avg. 

- 

Ul.8 

33.3 

18.3 

1.88 

2.91 

13H 

.0260 

275°F-10  min. 

U2.6 

3U.7 

16.0 

lilH 

.0257 

U3.5 

35.2 

18.0 

15H 

.0261 

U2.6 

35.9 

15.0 

Avg. 

U2.9 

35.3 

16.3 

11.90 

15.U5 

16m 

.OU95 

275°F-10  min. 

Uo.6 

31.5 

19.0 

• 

17M 

.0U96 

U0.5 

31.3 

21.0 

18m 

.01*95 

U0.7 

31.U 

21.0 

Avg. 

- 

Uo.6 

31.U 

20.3 

9.59 

3.03 

19M 

.01*97 

275°F-15  ndn. 

U0.3 

31.5 

19.0 

2QK 

.0^98 

U0.3 

31.1 

20.0 

2m 

.01*97 

U0.5 

31.3 

19.0 

Avg. 

- 

Uo.U 

31.3 

19.3 

10.00 

13.26 

22H 

.0259 

275®F-15  min. 

U2.9 

35.7 

17.0 

23H 

.0260 

U2.6 

35.0 

16.0 

2UH 

.0259 

U2.7 

36.U 

15.0 

Avg. 

- 

U2.7 

35.8 

16.0 

12.3 

11.80 

25L 

.0386 

275®F-15  min. 

U2.1 

32.9 

17.0 

26L 

.03314 

U2.3 

33.1 

17.5 

27L 

.0336 

Ul.9 

33.1 

18.0 

Avg. 

- 

U2.1 

33.0 

17.5 

1.17 

3.79 

fM/i 
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ROOM  TEMPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATING ' 


Spec. 

Thick¬ 

Exposure  U.T.S. 

Y.T.S. 

No. 

ness 

Condition  K.S.I. 

K.S.I. 

Elong. 

28m 

.0500 

275®F-30  min.  hO.h 

30.1* 

20.0 

29M 

.0h9S 

liO.8 

30.8 

18.5 

3OM  • 

.0500 

10.6 

31.1 

19.0 

Avg. 

- 

liO.6 

30.8 

19.2 

3IH 

.0263 

275°F-30  min.  1^1.1 

31*. 1 

15.0 

32H 

.0263 

h2.6 

35.1 

lU.o 

33H 

.0262 

U2.9 

35.1 

is.s 

Avg. 

- 

U2.2 

3l*.8 

Hi.8 

3UL 

.0888 

275®F-30  min.  1^2.6 

32.6 

17.5 

35L 

.0883 

ia.7 

31.3 

16.5 

36L 

.0890 

ia.6 

31.9 

16.0 

Avg. 

- 

U2.0 

31.9 

16.7 

37M 

.OU97 

275°F-60  min.  itO.7 

31.U 

19.0 

38m 

MS 

IiO.U 

3I.U 

17.0 

39M 

MQ 

I1O.6 

31.1 

20.0 

Avg. 

- 

Ii0.8 

31.3 

18.7 

I4OH 

.0260 

275®f-60  min.  h2.6 

3U.5 

17.5 

UlH 

.0260 

li2.9 

3U.3 

17.0  ' 

li2H 

.0259 

U2.9 

3U.8 

lli.O 

Avg. 

- 

U2.8 

3U.5 

16.2- 

li3L 

.0886 

275°F-60  min.  iil.7 

31.3 

18.0 

lOO. 

.0386 

ia.6 

32.1* 

17.0 

.0386 

ia.7 

32.7 

17.5 

Avg. 

- 

ia.7 

32.1 

17.5 

li6L 

.0885 

3OOOF-5  ndn.  U2.1 

32 .1* 

20.0 

li7L 

.0385 

1;2.5 

33.7 

17.0 

kQL 

.0887 

U2.1 

32.7 

20.0 

Avg. 

- 

U2.2 

32.9 

19.0 

li9H 

.0260 

300°F-5  nin.  Ii3.0 

3U.9 

1I*.0 

5OH 

.0260 

h3-U 

3U.9  . 

16.0 

5IH 

.0259 

U3.1 

33.9 

15.0 

Avg. 

- 

U3.2 

3U.6 

15.0 

52M 

M6 

300®F-5  min.  UO.9 

31.3 

20.0- 

53M 

M6 

la.i 

31.7 

19.0 

Sim 

.0U98 

U0.3 

31.1 

18.0 

Avg. 

- 

1*0.9 

31.1* 

19.0  ■ 

%  Decrease  from  As-Received  - 


.1 

.1 

[[ 


13.33  II1.3O  [[ 


U.T'.S.  Y.T.S. 


9. $6  lli.68 


l.la  7.00 


12.10  15.00 


2.11  6.1i2 


.91*  U.08 


[I 

I 


9.13  lli.OO  [J 


3 

[[ 

[[ 

1 


11.29  1U.80 


8.90 


13.00 
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ROOM  TEMPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATING 


Spec* 

Thick¬ 

Exposure 

U.T.S. 

T.T.S. 

% 

%  Decrease  from  As-Recelv6d 

No. 

ness 

Condition 

K.S.I. 

K.S.I. 

Elong. 

U.T.S. 

Y.T.S'. 

.0260 

300®F-10 

min. 

Ii2.9 

35.5 

17.0 

56H 

.0259 

a3.i 

35.6 

15.0 

57H 

.0259 

h3.U 

35.5 

ll*.0 

11.50 

12.55 

Avg> 

U3.1 

35.5 

15.3 

58m 

.0500 

300°F-10 

min. 

U0.6 

31.1 

17.5 

.0500 

U0.6 

31.1* 

18.5 

60M 

.0500 

liO.S 

31.7 

19.0 

9.36 

Avg. 

- 

U0.7 

31.1* 

18.3 

13.00 

61L 

.033U 

3OOOF-IO 

min. 

li2.5 

3U.0 

18.0 

62L 

.0887 

U2.5 

3l*.0 

19.0 

63L 

.0881i 

U2.1 

32.7 

19.0 

0.1;7 

2.01* 

Avg. 

- 

h2.h 

33.6 

18.7 

.0261 

300®f-i5 

min. 

U2.8 

3l*.9 

15.0 

65H 

.0258 

U2.7 

35.5 

16.0 

66H 

.0262 

U2.7 

35.1 

17.0 

Avg. 

U2.7 

35.2 

16.0 

12.31 

13.31 

67M 

.0500 

300OF-15 

min. 

U0.6 

31.1* 

17.5 

68m 

.0500 

Uo.6 

30.9 

19.0 

69M 

.(^00 

U0.6 

31.1 

19.0 

13.83 

Avg. 

- 

U0.6 

31.1 

18.5, 

9.57 

TOL 

.0880 

300OF-15. 

min* 

k2.2 

33.2 

16.0 

7IL 

.0890 

UI.9 

33.9 

19.0 

72L 

.0890 

h2,2 

3l*.3 

18.0 

1.38 

Avg. 

- 

h2.1 

33.8 

17.7 

1.17 

73L 

.0883 

300OF-30 

min. 

ia.9 

31.9 

16.5 

7lil- 

.0886 

ia.9 

33.2 

ll*.5 

751* 

.0885 

U2.6 

3l*.2 

15.0 

2.96 

Avg. 

h2.1 

33.1 

15.3 

1.17 

76m 

.Oli95 

300OP-30 

min. 

ia.i 

31.9 

17.5 

77M 

.Oh97 

I;0.9 

32.1* 

18.5 

78m 

.0h96 

hO.9 

31.1* 

17.5 

296 

Avg. 

Ui.o 

31.9 

17.8 

.  1.17 

79H 

.0261 

0 

1 

8 

min. 

1*3.1 

3l*.l 

15.0 

80H 

.0256 

1*3.1 

36.2 

12.5 

31H 

.0257 

1*3.0 

3U.I 

15.0 

8.68 

11.62 

Avg. 

1*3.1 

3l*.8 

ll*.2 

Ana ^  a  a 


oa 
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ROOM  TEI^IPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATING 


Spec* 

Thick¬ 

Exposure  U.T.S. 

Y.T.S. 

% 

%  Decrease  from  As-Received  .. 

No. 

ness 

Condition  K.S.I. 

K.S.I. 

Elong. 

U.T.S. 

I.T.S. 

82H 

.0261i 

300°F-60  min.  h2.h 

33.9 

15.0 

.  I 

83H 

.0260 

h3.h 

35.6 

1?.5 

■f 

8UH  . 

.0261 

h3.$ 

3li.6 

15.5 

.1 

Avg. 

I43.I 

3U.7 

15.3. 

11.50 

m.50 

85L 

.0383 

300®f_60  min.  L2.0 

32.8 

19.0 

■[ 

86L 

.088U 

U2.2 

3I.U 

16.5 

87L 

.0885 

h2.h 

31.9 

17.5 

Avg. 

U2.2 

32.2 

17.7 

0.9U 

6.12  j 

88M 

.OU96 

300®f^0  min.  UO.9 

30.9 

16.5 

89K 

.0L96 

lil.9 

31.1 

18.0 

7 

90M 

.0U93 

ho. 7 

31.5 

18.0 

I 

Avg.  . 

ia.2 

31.2 

17.5 

8.2U 

13.55 

9IL 

.0883 

325®f-.5  min.  h2,k 

31.7 

17.0 

I 

92L 

.0883 

h2.h 

32.7 

16.0 

93L 

.0885 

h2.h 

32.6 

19.0 

Avg. 

U2.U 

32.3 

17.3 

.U7 

U.92  1 

9Lm 

.OL96 

325°F-5  min.  Ul.2 

30.6 

20.0 

95M 

.OU96 

UI.3 

31.5 

20.0 

T 

96m 

.0U9U 

Ll.li 

31.5 

20.0 

X 

Avg. 

U.3 

31.2 

20.0 

8.01 

8*59  „ 

97H 

.0260 

325°F-5  min.  L2.8 

3li.2 

16.0 

i 

98h 

.0260 

L2.8  • 

33.1 

17.0 

99H 

.0260 

U3.0 

33.9 

15.5 

'  I 

Avg. 

k2.9 

33.7 

16.2 

11.95 

17.00  1 

lOOL 

.0885 

325°F-10  min.  I4I.9 

32.6 

20.0 

lOlL 

.088U 

L2.0 

30.5 

17.0 

1 

102L 

.088U 

ia.8 

30.5 

20.0 

Avg. 

Ul.9 

31.2 

19.0 

1.6U 

9.0U 

103H 

.0255 

325°P-10  min.  U2.8 

3h.h 

16.0 

_! 

lOliH 

.0256 

Ii2.9 

3U.U 

16.0 

105H 

.0261 

h3Ji 

33.2 

13.0 

j 

Avg. 

h3.0 

3U.0 

15.0 

U.70 

16.25  .! 

106m 

.OL95 

325°F-10  min.  la.7 

30.9 

18.0 

'  f 

107M 

.0lt96 

Ll.l 

31.5 

19.0 

108M 

.01^97 

liO.9 

31.2 

18.0 

.  1 

Avg. 

Itl.2 

31.2 

18.3 

8.25 

13.55  , 

gaomm(amM’nami 


code; 
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ROOM 

TE1*IPERATURE  TENSILE  TEST 

DATA  AFTER  UNSTRESSED 

heating; 

Spec. 

Thick¬ 

Exposure 

U.T.S. 

Y.T.S. 

^  Decrease  from 

As-Received 

No. 

ness 

Condition 

K.S.I. 

K.S.I. 

Elong. 

U.T.S. 

Y.T.S. 

109L 

.O88I4 

325°F-15  min. 

I42.O 

30.5 

17.0 

noL 

.0833 

I42.I 

31.0 

17.0 

niL 

.088U 

l4'..i4 

32.7 

18.0 

Avg.  • 

I42.2 

31.7 

17.3 

O.9I4 

7.50 

112M 

.OI496 

325®F-15  min. 

I4I.3 

31.1 

19.0 

113M 

•0h9$ 

140.9 

30.5 

19.0 

niiM 

.Oh96 

lil.3 

30.9 

19.0 

Avg. 

I4I.2 

30.8 

19.0 

8.2I4 

15.U5 

U5H 

.0260 

325®F-15  min. 

U3.I 

33.9 

II4.5 

116H 

.0260 

I43.I 

35  .U 

17.0 

117H 

.0260 

I42.6 

314.2 

18.0 

Avg. 

I42.9 

3U.5 

16.5 

11.60 

15.00 

118m 

.OI497 

325®f-30  min. 

ao.9 

31.3 

20.0 

119M 

.OI495 

I40.7 

30.I4 

21.0 

120t^ 

•Ok97 

I40.5 

30.7 

21.0 

Avg. 

I40.7 

30.8 

20.7 

9.35 

II1.7O 

121H 

.0257 

325°F-30  min. 

I42.8 

33.8 

17.0 

12  2H 

.0256 

142.9 

35.0 

18.0 

12  3H 

.0262 

U2.6 

3I4.9 

13.0 

Avg. 

142.8 

3I4.6 

16.0 

12.10 

II4.75 

1210, 

.0885 

3250F-3O  min. 

142.0 

31.0 

20.5 

125L 

.0888 

ia.8 

32.1 

20.5 

126L 

.0888 

I41.5 

32.I4 

20.5 

Avg. 

ia.8 

32.1 

20.5 

1.87 

6.I42 

127H 

.0260 

325°F-60  min. 

I42.3 

33.5 

19.0 

123H 

.0257 

I42.6 

3I4.7 

19.0 

129H 

.0262 

I42.5 

33.2 

I6.5 

* 

Avg. 

I42.5 

33.8 

18.2 

12.75 

16.70 

130M 

.01498 

325®F-60  min. 

I40.1 

30.6 

22.5 

131K 

.0500 

39.5 

29.5 

22.5 

132M 

•OU97 

39.8 

29.8 

23.0 

Avg. 

39.8 

30.0 

22.7 

11.36 

16.90 

133L 

.0886 

325°F-60  min. 

I40.9 

31.8 

2I4.5 

13l4L 

.0886 

I41.1 

31.9 

21.0 

135L 

.0886 

I40.6 

30.9 

22.0 

Avg. 

I40.9 

31.5 

22.3 

14.00 

8.16 

asaa, 


mwvaa/v 


CODCt 
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ROOM  TEMPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATING 


Spec. 

Thick¬ 

Exposure  U.T.S. 

Y.T.S. 

% 

%  Decrease  from  As-Received 

No, 

ness 

Condition  K.S.I. 

K.S.I. 

Elong. 

U.T.S. 

Y.T.S. 

I36H 

.0262 

350OF-5  min.  U2.7 

32  .U 

17.0 

137H 

•0261 

U2.8 

33.5 

16.0 

133H 

.0257 

U3.5 

35.1 

lU.O 

Avg, 

h3.0 

33.7 

15.7 

11.70 

17.00 

139M 

.0U97 

350®F-5  mill.  U0.9 

31.3 

19.0 

liiOM 

.OI496 

la.o 

31.2 

17.0 

llOM 

.OU95 

Ul.2 

31.5 

18.0 

Avg. 

. 

Ui.o 

31.3 

18.0 

8.69 

13.30 

lli2L 

.0387 

350°F-5  min.  Ii2.3 

32.2 

19.9 

11;3L 

.0890 

h2.1 

32.0 

19.9 

lliUL 

.0883 

U2.2 

32.2 

18.0 

Avg. 

■l;2.1i 

32.1 

19.0 

0.U7 

6.U0 

lii5H 

.0259 

350®F-10  min.  U3.3 

31.8 

15.? 

1U6H 

.025U 

lili.l 

33.0 

13.0 

1U7H 

.0255 

U3.6 

3I1.2 

Avg, 

U3.7 

33.0 

IU.7 

10.25 

18.70 

iU8m 

.0U93 

350°F-10  min.  m.3 

30.3 

18.0 

lii9M 

.OU96 

Ul.3 

30.6 

18.0 

15  OM 

.OU98 

Ul.l 

29.7 

18.0 

Avg. 

Ul.2 

30.2 

18.0 

8.69 

17.20 

I5IL 

.088U 

350®f-10  min,  U2,5 

30.3 

■19.5 

152L 

.033U 

•U2.I 

32.3 

22.0 

153L 

.0883 

U2.9 

3I.U 

18.5 

Avg. 

U2.U 

31.3 

20.0 

,  10.25 

18.70 

15UH 

.0219 

350°F-15  min.  UU,2 

33.7 

35.3 

155H 

.02li8 

hh.$ 

3U.8 

16.0 

156h 

.0262 

U3.O 

33.1 

15.0 

Avg, 

U3.9  • 

33.9 

13.3 

9.87 

16.50 

157M 

.0U97 

350°F-15  min.  U0,9 

29.1 

19.3 

158M 

.0U97 

U0.9 

29.1 

19.3 

159M 

.OU9I1 

Ul.O 

29.2 

18.0 

Avg, 

U0.9 

29.1 

19.0 

8.91 

i9.Uo 

160L 

.0881i 

350OF-I5  min.  Ul.9 

30.2 

20,0 

161L 

.0386 

U1.U 

28.6 

20.0 

162L 

.0889 

U2.O 

30.9 

19.3 

Avg. 

I4I.8 

29.8 

19.8 

7.88 

13.10 

nmi0ajma.»a  MvgM-wBo/y  aa, 


am/rwvatv 


code: 


MECHANICAL  PROPERTIES  OF  FS-1  MAGNESIUM 


1.A.2.U.1 


PAGE 


r  ^ 


ROOM  TEMPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATING 


Spec* 

Thick¬ 

Exposure  U.T.S. 

Y.T.S. 

% 

%  Decrease  from  As-Received 

No. 

ness 

Condition  K.S.I. 

K.S.I. 

Elong. 

U.T.S. 

Y.T.S. 

I63H 

.0258 

3500F-3O  min.  U2.2 

33.3 

18.0 

l6liK 

,0260 

U2.2 

32.7 

21.0 

165H 

.0262 

Ul.U 

31.5 

18.5 

Avg. 

UI.9 

32.5 

19.2 

13.95 

12.00 

166k 

.0U99 

350OF-3O  min.  39.1 

28.7 

23.0 

167K 

.0li93 

39.5 

29. U 

2U.5 

168k 

Ml 

38.9 

28.8 

2U.5 

Avg, 

39.2 

29.0 

2U.0 

12.70 

19.65 

I69L 

,0888 

350°F-30  min.  UO.3 

30.5 

23.5 

170L 

,0888 

uo.li 

30.1 

23.0 

I7IL 

.0382 

U0.7 

30.5 

2U.0 

• 

Avg, 

■U0.5 

30.U 

23.5 

U.92 

11.3U 

172H 

.0263 

350®f_6o  min.  I4O.3 

30.7 

21.0 

173H 

.0260 

U0.9 

31.7 

21.0 

17liH 

.0261 

U0.7 

30.9 

21.5 

Avg, 

hO.6 

31.2 

21.5 

16.65 

23.10 

175M 

.0U98 

350°F-60  min.  39.3 

28.7 

25.0 

176m 

.OU96 

38.3  ■ 

28.9 

2U.O 

177M 

.OU98 

37.5 

28.0 

25.5 

Avg, 

38.U 

28.5 

2U.8 

1U.U5 

21.10 

178L 

.0886 

350°F-60  min.  UO.O 

29.5 

25.0 

179L 

.0887  • 

liO.2 

29.6 

25.0 

180L 

.0887 

39.9 

29.0 

25.0 

Avg, 

UO.O 

29  .U 

25.0 

6.10 

IU.30 

181H 

.0258 

375*^5  min.  UO.9 

31.3 

21.5 

182H 

.0256 

UO.9 

31.2 

21.0 

I83H 

.0257 

U0.8 

31.2 

20.5 

Avg, 

UO.9 

31.2 

21.0 

16.00 

23.20 

I81m 

.  .OU96 

375°F-5  min.  38.6 

27.3 

25.0 

185m 

.0U97 

38.2 

27. U 

25.0 

186k 

.01^98 

38.5 

28.0  ' 

25.0 

Avg, 

38.U 

27.6 

25.0 

1U.U5 

23.50 

187L 

.0335 

375°F-5  min.  39.9 

28.5 

25.0 

188L 

.0385 

39.5 

27.1 

26.0 

189L 

.0886 

39.0 

27.0 

26.0 

Avg, 

39.5 

27.5 

25.7 

7.29 

19.82 

cooe: 


MECHANICAL  PROPERTIES  OF  FS-1  MAGNESIUM 


l.A.a.Ii.l 

n 

PACE  -  OF 


ROOM 

TSIEPERATURE  TENSILE  TEST  DATA  AFTER 

UNSTRESSED  HEATINO 

Spec. 

No. 

Thick¬ 

ness 

Exposure  U.T.S. 

ConcJiton  K.S.I. 

Y.T.S. 

K.S.I. 

% 

Elong. 

%  Decrease  from 

U.T.S. 

As-Received 

Y.T.S. 

217H 

218U 

219H 

Avg. 

.026 

.026 

.026 

375°F-60  min.  UO.h 
39.3 
liO.O 
39.9 

29.2 

29.0 

30.1 

29.li 

20.5 

21.0 

22.0 

21.2 

18.05 

27.60 

220M 
221M 
222M 
.  Avg. 

•  .050 
.050 
.050 

375°F-60  min.  37.9 
38.2 
37.9 
38.0 

27.7 
27.I1  ■ 

27.5 

27.6 

23.5 

21.5 

23.0 

22.7 

15.21 

23.50 

223L 

22ljL 

225L 

Avg. 

.0885 

.0385 

.089 

375®F-60  min.  39.0 
39.5 
39.9 

39.5 

28.li 

23.1 

27.5 

28.0 

2I1.O 

2I1.5 

2I1.5 

2I1.3 

7.27 

18.35 

226m 

227M 

228m 

Avg, 

.050 

.0505 

.0505 

U00°f-5  min.  39.7 
39.1 
39.li 

39  .li 

28.5 

29.0 

29.9 

29.1 

22.0 

22.0 

20.5 

21.5 

12.25 

19.I1O 

229H 

23OH 

23IH 

Avg. 

.026 

.026 

.026 

1i00®F-5  min.  U2,li 
.  I12.3 

lt2.0 

ll2.li 

30.2 

31.8 

30.8 

30.9 

17.0 

17.5 

19.5 

17.7 

12.95 

23.90 

232L 

233L 

23liL 

Avg. 

.089 

.089 

.03? 

liOOOp^^  min,  iiO.9 

I1O.9 

I1O.8 

kO.9 

33.3 

23.7 

30.0 

30.7 

20.5 

21.0 

20.5 

20.7 

3.99 

10.50 

235L 

236L 

237L 

Avg, 

.089 

.039 

.033 

li00°F-10  min.  39.0 

39.2 

39.5 

39.2 

27.0 

28.0 

27.9 

27.6 

22.5 

211.5 

23.5 

23.5 

7.98 

19.50 

238H 

239H 

2l;0H 

Avg. 

.026 

.026 

.026 

liOO^F-lO  min.  UO.l 

39.1 

39.7 

llO.O 

29.1 

28.5 

29.6 

29.1 

21.0 

21.5 

21.0 

21.2 

17.85 

20.30 

2UIM 

2U2M 

2li3M 

Avg, 

.050 

.050 

.050 

li00®F-10  min.  37.2 

37.5 

37.9 

37.5 

30.0 

26.8 

26.6 

27.3 

25.0 

25.9 

25.9 

25.6 

16.1i5 

23.00 

nm9BajmK.ta  camti 


f>UTVt9/W 


CODES 


MECHANICAL  PROPERTIES  OF  FS-1  MAGNESIUM 


1.A.2.U.1 


f  Aoe 


ROOM  TEMPERATURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATING 


Spec. 

Thick¬ 

Exposure  U.T.S. 

y.T.S. 

% 

%  Decrease  from  As-Received 

No. 

ness 

Condition  K.S.I. 

K.S.I. 

Elong. 

U.T.S. 

Y.T.S. 

2LI4M 

.090 

1;00Of-19  min.  37.6 

26.2 

26.9 

2U5M 

.0905 

37.7 

26.U 

28.3 

2L6M  . 

.090 

37.9 

27.1 

26.0 

Avg. 

37.7 

26.6 

26.9 

16.00 

26.30 

2U7M 

.0292 

1;00°F-19  min.  l;2.1 

32.9 

12.0 

2U8M 

.0291 

1;0.7 

29.9 

13.0 

2U9M 

.0292 

i;0.7 

30.0 

12.0 

Avg. 

lil.2 

30.8 

12.3 

19.1:0 

2l:.10 

25OL 

,0Bh 

1;00°F-19  min.  1;1.7 

29.7 

2l:.3 

25IL 

.0839 

lil.7 

30.9 

23.5 

252L 

.081; 

hl.l 

29.9 

2l:.3 

Avg. 

1;1.9 

30.0 

21:  .0 

16.91 

12.92 

253M 

.5009 

I;O0°F-30  min.-  37.6 

28.0 

2l:.0 

25I4M 

.900 

37  .U 

28.0 

2l:.0 

255M 

.5009 

37.8 

29.8 

2l:.0 

Avg. 

37.6 

27.3 

2l:.0 

16.27 

2l:.l:0 

256h 

.0291 

I;00°F«30  min.  U2.0 

31.0 

23.0 

257H 

.02919 

U2.O 

31.2 

21.0 

258H 

.0291 

•  I4I.5 

31.5 

22.0 

Avg. 

Ul.8 

31.2 

22.0 

12.10 

23.10 

259L 

.0890 

UOOOF-30  min.  38.8 

28.0 

2l:.0 

26OL 

.0890 

38.7 

26.9 

23.0 

26IL 

.0890 

38.6 

27.8 

2i:.0 

Avg. 

38.7 

27.6 

23.3 

9.19 

19.90 

262L 

.0839 

-  I;290f-9  min.  I;0.9 

31.8 

16.0 

263L 

.0836 

1:0.3 

31.2 

18.0 

261|L 

.0389 

Ul.O 

31.7 

IL.O 

Avg. 

1:0.7 

31.6 

16.0 

U.l:6 

7.87 

265H 

.0299 

l:29°F-5  min.  1:3.3 

35.5 

16.0 

266H 

.0261 

Ul.O 

32.1  . 

19.0 

267H 

.0293 

1:2  .U 

3l:.7 

18.0 

Avg. 

1:2.2 

3U.I 

16.3 

13.39 

./.OO 

268m 

.01;96 

U29°F-9  min.  31:.6 

29.7 

21.0  . 

269M 

.01;98 

39.1: 

30.0 

21.0 

27  OM 

.Ol;97 

39.7 

30.6 

21.0 

Avg. 

37.9 

30.1 

21.0 

19.60 

16.61 

~1 


code: 


MECMAKICAL  PROPERTIES  OF  FS-1  MAGNESIUM 


l.A«  2.U.1 

PAOE  -22.  Of 


ROOK  TEMPEIUTURE  TENSILE  TEST  DATA  AFTER  UNSTRESSED  HEATTNP, 


Spec. 

No. 

Thick¬ 

ness 

Exposure 

Condition 

U.T.S. 

K.S.I. 

Y.T.S. 

K.S.I. 

5f. 

Elong. 

^  Decrease  from  As-Received 

U.T.S.  Y.T.S. 

271L 

272L 

273L 

CO  CD  CO 
00  CD  CO 

000 

it25®F-10  min. 

38.5 

39.3 

39.7 

33.5 

•28.7 

28.8 

26.0 

27.0 

2l;.0 

Avg. 

39.2 

.  30.3 

25.7 

7.98 

U.65 

27I1H 

.0258 

U25°F-10  min. 

Uo.o 

28,7 

22w0 

275H 

276h 

.0256 

.0256 

39.8 

39.5 

28.1 

28.1 

22.0 

22.0 

Avg, 

39.8 

28.3 

22.0 

I8.U2 

30.3 

277K 

278m 

279M 

.0h93 

.0li96 

.0li97 

li25°F-10  min. 

37.8 

37.3 

37.3 

26.U 

27.1 

27.6 

2l;.0 

Zh.O 

23.0 

Avg. 

37.5 

27.0 

23.7 

16.1;9 

25.2 

28OH 

28IH 

282H 

.0256 

.0261 

.0261 

U25°F-15  min. 

llO.l; 

li0.1 

39.7 

30.7 
30.0 

29.7 

.  2l;.0 

21.0 

20.0 

Avg. 

liO.l 

30.1 

21.7 

17.65 

25.81 

283M 

28I1M 

285k 

.0h97 

.Oh96 

.0lt96 

U250F-I5  min. 

38,2. 

38.7 

38.5 

27.5 

27.0 

28.7 

2ht0 

23.0 

25.0 

Avg. 

38.5  • 

27.7 

2lt.0 

lli.25 

23.30 

286L 

287L 

238L 

.088U 

.088ii 

.0881; 

i;25®F-15  min. 

39.0 

39.2 

39.5 

29.5 

28.6 
28.8 

23.0 

22.0 

22.0 

Avg, 

39.2 

29.0 

22.3 

7.98 

13.08 

I 


MECHANICAL  PROPERTIES  OF  h  Al-U  Mn 

mTm  a 

COOK: 

I* A*3*  1*3 

IXXiiiNlUri 

FACE  — _  OF 

MATERIAL  IDENTIFICATION  I COML . I 

A.’^'.S  -  U925 

MATERIAL  STATUS 

E3q?erimental 

HEAT  OR  BATCH  NUMBER 

See  data  below 

FORM 

Bar  and  Billets 

PROCESSING  CONDITION 

Annealed 


Determine  mechanical  proper¬ 
ties  of  bar  and  billets  material  at  room 
tennerature  and  .600^ _ 


RAC  DATA  REF. 

ERMR  332U  dated  April  18,  1956 


SPECIMEN  TYPE 


Tension  .505  Dia.  and  .252  Dia.  specimens  -  same  as  ARTC-13-T,  June  1959 
Fatif^ue  -  See  data  below 


TEST  METHOD:  „  ^  n 

Tensile  properties  at  room  temperature  and  600°F  (§  hour  soak)  and  axial 

fatirue  at  room  tcr"srature  were  determined  in  the  longitudinal,  long  transverse,  and 
short  transverse  directions  for  three  5"  x  8"’  x  72"  billets.  Long  transverse  tensile 
properties  for  three  bars  and  two  other  billets  drawn  from  RAC  stock  are  also  included. 


Direction  of  test  and  billet  orientation  are  illustrated  on  Page  2  for 
the  5"  X  8"  billet. 


Tensile  tests  were  conducted  in  the  same  manner  as  those  specified  in 
ARTC-13-T-1  (June  1959)  and  Fed.  Test  Kethod  Std.  No.  I5la  Method  211.1,  dated 
6  May  1959.  Load  de.form.ation  data  were  obtained,  with  a  2"  extensometer,  for  all  stan¬ 
dard  .505  Dia.  Spec.  The  divider  yield  technique  was  used  for  .252  Dia.  room  tempera¬ 
ture  test  specimens. 

Fatigue  testing  was  conducted  on  the  type  of  specimens  illustrated  on 
Page  3.  Since  fatigue  specimens  had  not  been  standardized, specimen  "A"  was  initially 
selected  for  use.  LTien  number  of  these  specimens  broke  outside  the  reduced  section, 
in  the  threads  or  near  the  shoulder,  specimen  "3"  was  substituted  to  overcome  this 
difficulty.  Specimen  "C"  was  utilized  where  sample  size  limitations  dictated  the  use 
of  a  smaller  t^^e  specimen.  All  specimens  were  designed  to  produce  a  minimum  of  stress 
concentration  in  the  reduced  sections.  The  fatigue  testing  was  conducted  at  room 
temperature  at  a  cycling  rate  of  1800  cpm  and  a  stress  ratio  of  R  -  0.1. 


code: 


3.1.3 


extracted  slabs: 


AA  and  GG  -  Longituc^inal 

BB  and’FF  -  Short  Transverse 

DD  and  EE  -  IjOng  Transverse 

Billet  Orientation 


MECIIANICAL  PROPERTIES  OF  h  Al-U  Mn  TITANIUM 


code: 


MECHA^IICAL  PROPERTIES  OF  U  Al-U  Mn  TITANIUM 


*  Yield  determined  by  divider  method  (Specimens  too 
short  for  extensometer). 

•Jt*  Yield  determined  by  divider  method  (Ejctensometer 
did, not  function  properly). 


n/*noiv 


code: 

MECHANICAL  PROPERTIES  OF  Ii  A1  -  U  Mn  TITANIIM 

1.a.3*1.3 

^AOE  -2. —  OF  ^ — 

• 

TENSILE  PROPERTIES  OF  ^"x8"x72"-  BILLET  #$1077 


Test 

Direction 

ULT. 

Yield 

Elongation 

Modulus 

Cond. 

of  Test 

K.S.I. 

K.S.I.  • 

in  Id) 

xlO^ 

Rm. 

.  Temp 

Long 

IhT.O 

lliO.O 

lli.O 

17.6 

l 

> 

i 

A 

16.0 

lh6»l 

lii3.6 

17.0 

\ 

lli2.0 

139.0 

15.0 

18.5 

6oo®f 

108.0 

102.0 

12.0 

lli.U 

1. 

1 

i 

} 

lOli.O 

86.0 

11.0 

17.6 

) 

106.0 

97.7 

11.0 

1U.9 

i 

y 

Long 

lli2.0 

138.0 

18.2 

Rm, 

!  Teii^)  , 

Transverse 

10.0 

1 

1  ^ 

15U.0 

138.0 

9.0 

17.2 

600 °F 

f 

i 

10li.0 

91.0 

BOGL 

16.8 

f 

V 

97.3 

88.7 

10.0 

16.0 

< 

y 

Short 

Rnu  Tewp 

Transverse 

I51t.0 

151*0* 

7.0 

- 

*  Yield  determined  by  divider  method  (Specimens  toO 
short  for  extensometer). 


BOGL  .  -  Broke  outside  of  gage  length 


MECHANTC.U  PROPERTIES  OF  U  A1  -  li  Mn  TITANIUM 


CODE! 


PACE  — _  OF^l- 


TENSILE 

PROPERTIES 

OF  5"x8"x72" 

-  BILLET  #51009 

Test 

Direction 

ULT 

Yield  ■ 

Elongation 

Modulus 

Cond. 

of  Test 

K.S.I. 

K.S.I. 

^  in  IiD 

xlO^ 

Hm.  Temp 

152 

liii;.5 

17.0 

16.5 

I 

j 

lli9.5 

llili.2 

15.0 

17.U 

600 Op 

6 

J 

1 

1 

j 

108.0 

88.2 

17.0 

lh.h 

1 

10U.0 

87.8 

18.0 

lli.U 

Long 

Rm.  Teirp 

Transverse 

lli8.7 

lhh.9* 

11.0  . 

17.  U 

A 

A 

i 

1 

15U.0 

lh9.0* 

5.0 

- 

I 

t 

i 

600°F 

152.0 

im,o* 

10.0 

- 

112.0 

11.0 

Short 

Rm.  Terao 

Transverse 

153.0 

151.1 

5.0 

18.2 

\  : 

D 

151.0 

1 

lliS.O 

h.O 

18.0 

600°F 

106.0 

102.0 

10.0 

lii.3 

i 

107.0 

92.0 

11.5 

16.6 

*  ■ Yield  detennined  by  divider  method  (Specimens  too 
short  for  extensometer). 


MECIIAIs’ICAL  PROPERHES  OF  A1 


h  Mn  TITANIIM 


coots 

A«3«X«3 


PAGE 


■7 


or 


21 


Long  Transverse  Mechanical  Properties  of  Three  Bars  and  Two  Billets 

Drawn  From  R.AoCt  Stock 


Classification 

Nominal 

Size 

Test 

Cond. 

ULT. 

K.S.I. 

Yield 

K.S.I. 

Klong 
^  in  liD 

Mod, 

xloo 

Bar 

V 

2|"x7" 

A 

RT 

15U 

152 

12 

16.6 

V 

\ 

j 

153 

1U8 

13 

18.2 

i 

1 

\ 

1 

6000F 

109 

95.6 

13 

15.  li 

! 

1 

{ 

98 

77.5 

12 

lli.O 

\ 

f 

i 

109 

10U.5 

15 

16.3 

9 

J 

9U 

78.5 

12 

16.8 

Bar 

h 

6 

RT 

lii8 

iho 

10 

16.9 

Y 

! 

1U2 

137 

111 

17.7 

i 

6oo°r 

96.5 

8U 

13 

16.6 

! 

1 

0 

97.7 

77.5 

12 

12.7 

Bar 

t 

l4.9''x9.5" 

RT 

ihi 

U6 

23 

17.3 

139 

133.5 

13.5 

16.5 

i 

t 

600°F 

99.2 

8U 

15 

13.7 

97.3 

92.5 

13 

15.  li 

Billet 

0 

3.5"x6" 

! 

RT 

151 

Ihl 

10.5 

17.2 

lli7 

lh6 

15 

16.1 

r 

600°F 

99.7 

85 

Hi 

16.8 

V" 

102 

88 

16 

16.6 

CODCl 
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f..c  ll_  or  23^ 


Lone  Transverse  Mechanical  Properties  of  Three  Bars  and  Two  Billets 

Drawn  From  R,A.C,  Stock 


Nominal 

Test 

ULT 

Yield 

Elong. 

Mod. 

xio^ 

Classification 

Size 

Cond. 

K.S.I. 

K.S.I. 

^  in  Id) 

Billet 

A 

>"x6" 

ll;9 

Ili5 

10 

17.6 

I 

f 

! 

153 

152 

10 

18.8 

i 

1 

J 

< 

i 

\ 

i 

V'  ^ 

IhO 

138 

7.5 

16.8 

1 

! 

t 

600°F 

96 

86 

13 

15.6 

V 

T 

9 

102 

88 

12 

lii.8 

coni 


Tensile  Stress  KSI 


KEC’UNICAL  PROPERTIES  OF  li  A1  -  Mn  TITANIIM 


code: 

l.A.3.1.3 


PAGE  '  ^  or  -- 


160 


Legend  -  Shaded  Area  Indicates  Range 

Arrow  indicates  average  value 


Summary  of  Room  Temperature  Tensile  Values 
Billet  #5102$ 


Tensile  Stress  -  K,  S«  I« 


Tensile  Tensile  Elongation  Modulus 

Ult.  Yield 


Legend  -  Shaded  Area  Indicates  Range. 

Arrow  Indicates  Average  Values. 


Summary  of  600*F  Tensile  Values  -  Billet  #51025 


Tensile  Stress  -  K. S.  1, 


eooii 


Tensile  Tensile  Elongation  I^odulus 


Ult.  Yield 

Legend  -  Shaded  Area  Indicates  Range. 

Arrow  Indicates  Average  Values. 


Summary  of  Room  Temperature  Tensile  Values  - 
Billet  #  50077 


Modulus  X  106 


Tensile  Stress  -  K«S«1« 


MECHANICAL  PROPERTIES  OF  li  A1  -  U  Ito  TITANIUM 

BDHI 

PAGE  _  OP  21 

Legend  .•  Shaded  Area  Indicates  Range. 

Arrow  Indicates  Average  Values. 


Summary  of  600T  Tensile  Values  -  Billet  #  50077 


M.od\ilus  X  106 


Tensile  Stress  K«S»I« 


CODE! 


MECHANICAL  PROPERTIES  OF  U  A1  -  U  Mn  TITANIUM 


3.1.3 


ii_  or  2I_ 


Tensile  Stress  -  K«  S«  I 


^^i:CI!ANICAL  PROPERTIES  OF  1;  A1  -  Mn  TITANIIM 


L.3 


PAGE  -111—  OF  21 


Tensile  Tensile  Elongation  Modulus 

Ult.  Yield 


Legend  •  Shaded  Area  Indicates  Range. 

Arrow  Indicates  Average  Values. 

Summary  of  600*F  Tensile  Values  -  Billet  #51009 


Modulus  X  I0f> 


Stress  -  K.  S. 


MECHANICAL  PROPERTIES  OF  li  A1  -  U  Mn  TITANIUM' 


code: 

I.A.3.1.3 


PAGE 


JLi-or^ 


Strain  >  in /in 

Typical  Stress -Strain  Curves  for  Longitudinal  Specimens 
at  Room  Temperature  and  600*F  -  Billet  f  51009 


'ajma.9a 


Nominal  Stress  -  K«S*I< 


code: 


l.A.3.1.3 


MECHANICAL  PROPERTIES  OF  U  A1  -  U  Mn  TITANIUM 


PACE  _  or 


Nominal  Strain  -  in.  /in. 

Typical  Stress  Strain  Curves  for  Long  Transverse  Specimens  at 
Room  Temperature  and  600*F 


Nominal  Stress 


MECHANICAL  PROPERTIES  OF  li  A1 


IjMn  TITANIUM 


PAGE 


17 


OF 


21 


Nominal  Strain  -  In/In. 

Typical  Stress-Strain  Curves  for  Short  Transverse 
Specimens  at  Room  Temperature  aAd  600*F 
Billet  51009 


ISX  "  fisea^S 


mrfajma.t(B  jun/a/man/  cana^an/^Twant 


COOK  I 


688J^S 


120 
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MECHANICAL  PROPERTIES  OF  5Al-2SSn  TITANIUM 

CODEl 

l.AO,3.2*5 

RASE  Jt —  Of 

MATERIAL  1  DENT  1 E 1  CAT  1  ON  (COML.I 

MATERIAL  sVaTUB 

AllOAT 

Production 

HEAT  OR  BATCH  NUMBER 

FORM 

See  Data 

Sheet 

PKOCESSING  CONDITION 

Mill  Annealed 


OBJECT  OF  TEST 

MAC  DATA  BCF. 

Determine  Spotweld  Characteristics  of 
Sheet  .025 "-.072"  Thick 

ERM-13  dated  July  23,  1956 

SPECIMEN  TYPE 

See  Pages  17  and  18 


TEST  METHOD: 

The  tables  following  present  the  results  of  an  evaluation  of  spotweld  character- 
Istlcs  of  AllOAT  titanium  alloy  sheet  ranging  In  thickness  from  .025"  to  •078”.  Shown 
are  data  on  shear  strength  at  room  temperature  and  elevated  temperatures  up  to  1000°F, 
tension  ("pull-out")  strength  at  room  ten9>eraturef  and  fatigue  tests  In  both  shear  and 
tension  at  room  temperatures* 

TEST  PROCEDURE: 


In  order  to  Insure  consistency  among  the  specimens  tested,  the  same  preparation 
procedure  was  followed  for  all  specimens  and  was  as  follows: 

1.  RAC  Welder  No.  55  Sc  laky  PMC0-3ST,  3-phaae  frequency  converter  spotwelder 
was  utilized  throughout  for  all  spotwelding  tests* 

2.  Spotwelds  were  made  on  material  of  *025,  *031,  *0U0,  .050,  *062,  and  *078 
inch  in  thickness* 

3*  A  timing  check  was  made  of  the  welder  prior  to  xninning  any  tests* 

U.  Welder  was  checked  for  consistency  by  welding  10  test  specimens  of  half'-hard 
stainless  steel* 

5*  Settings  used  In  regard  to  pressure  and  heat  time  were  Identical  to  those 
derived  for  stainless  steel.  Current  was  adjusted  to  secure  the  desired  shear  strength 
and  penetration* 

6*  Tensile  pull-out  specimens  ("U"  sections)  were  welded  at  the  same  time  as  the 
tensile  shear  specimen* 

7*  Material  was  welded  In  the  "as-received"  condition  (see  pagelt  )  with  no  chemical 
or  mechanical  cleaning  except  for  hand  wiping  the  metal  surface« 

Complete  welding  data  Is  no ted -in  the  following  chart* 


CODI: 

MECHANICAL  PROPHITIFS  Of  5Al-2gSn  TITANIUM 

I.AO.3.2.5 

SASE  — or 

Settings  Utlllaed  in  Welding  Titanium  Alloy  AllOAT 


Cage 

Electrode  Contour 

PSI 

Cycle 

Heat 

Time 

Heat 

Phase 

Cool 

Time 

No.  of 
Impulses 

\A 

CM 

O 

• 

1 

CM 

o 

• 

5/16W-3R  Flat 

17-10  730  Lbs, 

Constant 

h 

58!J 

1 

2 

.031-.031 

5/16W-3R  Flat 

21-10  1720  Lbs, 

Constant 

h 

60^ 

1 

2 

• 

1 

1 

• 

O 

3/8W-3R  Flat 

28-10  1720  Lbs. 

Constant 

6 

62% 

1 

2 

.050-.050 

3/8W-3R  Flat 

32-10  2080  Lbs, 

Constant 

6 

66% 

1 

2 

.062-.062 

V8W-3R  Flat 

37-10  2530  Lbs, 

Constant 

6 

69% 

1 

2 

.078-.078 

5/8W-3R  Flat 

U3-10  3070  Lbs, 

Constant 

8 

63% 

1 

u 

All  specimens  were  then  deburred. 

The  shear  specimens  were  tested  on  a  Baldwln-Ehery  testing  machine  of 
^0^000  pounds  capacity  after  allowing  the  specimens  to  soak  at  temperature  for  one- 
half  hour*  Ultimate  load  versus  temperature  data  was  recorded  and  plotted* 

The  oven  used  to  reach  and  maintain  temperatures  was  a  portable  two-piece 
unit  which  could  be  placed  around  the  specimen  and  removed  after  testing*  A  chromel- 
Alumel  thermocouple  and  potentiometer  was  used  to  measure  temperature  which  was 
accurate  to  ±10°r* 

Two  holes  were  drilled  in  the  ends  of  the  tensile  shear  specimens  selected  for 
fatigue  testing  in  order  to  facilitate  mounting  into  a  Sontag  10,000  pound  SP-lOU  fat¬ 
igue  testing  machine*  The  ”U"  section  specimens  were  attached  to  an  adjustable  jig 
and  the  whole  assembly  was  then  mouhted  on  a  Sontag  2,000  pound  SF-IU  fatigue  testing 
machine*  The  adjustable  jig  was  designed  to  insure  a  tight  flt-up  between  the  specimen 
and  jig  at  all  times  during  testing*  This  tended  to  prevent  scattered  results  due  to 
excessive  vibration  during  testing.  The  min/max*  ratio  used  for  all  fatigue  tests  was 
0*1. 


The  photograph  on  page  36  (250X)  Illustrates  the  as-cast  weld  structure  of 
titanium  alloy  AllOAT*  No  voids  were  noted  in  the  structure*  However,  there  waS,  some 
difference  In  appearance  of  the  heat-affected  zone  of  the  base  metal*  This  may  account 
for  the  slight  scatter  found  In  the  test  results* 


code: 

MECHANICAL  HIOPERTIES  OF  5Al-2SSn  TITANIUM 

1.A0.3.2.SI 

wmmm 

TITANIUM  ALLOT  AllQAT 


Rat ip  Tensile 

Average  Tensile  Average  Tensile  Shear  Pullout  to 


Material 

Pullout 

-  Lbs. 

Lbs. 

Tensile  Shear 

Thickness 

Heat  No. 

SeFI 

Set  2 

Set  1 

Set  2 

Set  3 

Set  1 

Set  2 

.025-.025 

D-U1209 

270 

255 

I61i8 

3598 

137U 

.16U 

.359 

O 

e 

1 

iH 

O 

e 

D-a0225 

372 

350 

2028 

2037 

19U0 

.183 

.172 

o 

o 

• 

o 

o 

e 

D-U0330 

160 

U85 

2911 

2930 

30U2 

.158 

.165 

o 

• 

1 

o 

• 

D-U0225 

560 

605 

3586 

3568 

3565 

.156 

.170 

.062-.062 

D-U3157 

685 

7kS 

li770 

5791 

U806 

.1U3 

.128 

.078-.078 

D-U0225 

968 

1135 

6351; 

6123 

6200 

.352 

.186 

NOTES; 

Set  1*  First  series  of  test  results  from  RAC  Shop  Processes  Section 
Set  2.  Second  series  of  test  results  from  RAC  Shop  lYoeesses  Section 
Set  3*  Results  fl*om  RAC  Engineering  Research  Section 
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MECHANICAL  PROPraTIES  OF  $Al-25Sn  TITANIUM 


Pkit 


1. AO. 3 ,2. 5 
-i —  OP  .2^ 


ELEVATED  TEMPERATURE  SHEAR  DATA 


.02$”  TITANIUM 


Temperature 

ultimate  Load 

Temperature 

Ultimate  Load 

op 

Lbs. 

Average 

Op 

Lbs. 

Average 

Room  Temp. 

1500 

500 

1220 

Room  Temp. 

1135 

500 

1200 

Room  Temp. 

1510 

500 

1100 

Room  Temp. 

1350 

500 

111*0 

Room  Temp. 

1580 

1 

1187 

Room  Temp. 

m60 

550 

1180 

Room  Temp. 

1525 

■  550 

101*0 

Room  Temp. 

12U0 

550 

1170 

Room  Temp. 

1310 

1130 

Room  Temp. 

1125 

600 

1200 

» 

137U 

600 

1120 

100 

1260 

600 

1110 

100 

1580 

1193 

100 

1530 

650 

1U*0 

11*57 

650 

1090 

150 

1220 

650 

1090 

150 

11*30 

1090 

150 

1510 

700 

1080 

1387 

700 

1090 

200 

1170 

700 

1000 

200 

11*30 

1057 

200 

1500 

750 

1000 

1367 

750 

1030 

250 

1200 

750 

1160 

250 

1390 

1063 

250 

11*00 

800 

990 

1330 

800 

1120 

300 

111*0 

800 

1010 

300 

1300 

101*0 

300 

11*10 

850 

1035 

1283 

850 

91*0 

350 

1200 

850 

1010 

350 

1370 

995 

350 

1200 

900 

1000 

1257 

900 

950 

Uoo 

1180 

900 

1000 

Uoo 

1290 

983 

liOO 

1250 

950 

1000 

121*0 

950 

960 

950 

950 

160 

1260 

970 

h$o 

1320 

1000 

1000 

160 

1090 

1000 

91*0 

1223 

9 

! 

1000 

880 

91*0 

'ajmM.90  Oi 


MECHANICAL  PROPFRTIES  OP  5Al-2$Sn  TITANIUM  ■ 

I^AOc _ or  -34-, 

EIEVATED  TIMP1=RATUR,E  SHEAR  DATA 


.032"  TITANIUM 


Temperature 

°F 

Ultimate  Load 
Lbs. 

Average 

Temperature 

Op 

Ultimate  Load 
Lbs. 

Average 

Room  Temp. 

1920 

•500 

1600 

Room  Temp. 

1900 

500 

1620 

Room  Temp. 

2000 

500 

1530 

Room  Temp. 

19U0 

,  500 

16U0 

19U0 

1598 

100 

I960 

550 

1580 

100 

1935 

•  550 

1610 

100 

1870 

550 

1680 

100 

1980 

1623 

1936 

600 

1620 

150 

19U5 

600 

lli60 

150 

2050 

600 

lliOO 

150 

1950 

lli93 

150 

18U0 

650 

1620 

19li6 

650 

lJli60 

200 

1935 

650 

1600 

200 

i860 

1560 

200 

1930 

700 

1570 

200 

19U0 

700 

m30 

1916 

700 

Ui70 

250 

1830 

li*90 

250 

1900 

750 

1550 

250 

1920 

750 

1380 

250 

1880 

750 

1350 

1883 

lli27 

300 

1775 

800 

1530 

300 

1770 

800 

m5o 

300 

1730 

800 

1350 

300 

18U0 

lliU3 

1779 

850 

1520 

350 

1750 

850 

1380 

350 

1765 

850 

1390 

350 

1630 

11*30 

350 

1750 

900 

1500 

1716 

900 

1390 

Uoo 

17U0 

900 

li400 

Uoo 

1600 

11*30 

Uoo 

1730 

950 

lli60 

Uoo 

1760 

950 

lUiO 

1708 

950 

1150 

li5o 

16U0 

11*50 

h$o 

1660 

1000 

lliOO 

U50 

1670 

1000 ' 

1300 

U50 

1700 

1000 

1350 

1666 

1350 

'tjmaLta  ca. 
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MECHANICAL  PROPERTIES  OF  $Al-2gSn  HTANIUM 


^ACE  — Z_  OF  .3^.. 


EIEVATED  TEMPERATURE  SHEAR  DATA 


.OliO”  TITANIUM 


Temperature 

op 

Ultimate  Load 

Lbs, 

Average 

Room  Temp, 

30ii0 

Room  Temp, 

311i0 

Room  Temp, 

30U0 

Room  Temp, 

2950 

Room  Temp, 

30U0 

30U2 

100 

30U0 

100 

3100 

100 

3000 

100 

2900 

100 

3060 

3021* 

150 

3100 

150 

3200 

150 

3200 

150 

31ii0 

i5o 

3200 

3172 

200 

2900 

200 

31ii0 

200 

31U0 

200 

3290 

200 

3160 

3126 

250 

281i0 

250 

2960 

250 

2980 

250 

3050 

250 

3030 

2972 

300 

2900 

300 

27UO 

300 

29UO 

300 

29U0 

300 

2960 

2896 

'ajma.MO  asa. 
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MECHANICAL  PROPBRTIES  OF  5Al-2gSn  TITANIUM 


coot; 


1, AG. 3. 2. 5 


PACE 


or 


JL 


EIEVATSP  TEMPERATURE  SHFAR  DATA 
.OUO”  TITANIUM 


Temperature 

Ultimate  Load 

Temperature 

Ultimate 

Op 

Lbe. 

Average 

Op 

Lbs. 

350 

27U5 

700 

211*0 

350 

2800 

700 

2200 

350 

2880 

700 

2200 

350 

3000 

700 

2220 

350 

2800 

700 

2250 

281*5 

700 

231*0 

hdo 

2700 

hoo 

26U0 

750 

2210 

hoo 

2920 

750 

2200 

koo 

2530 

750 

2100 

hoo 

2770 

750 

2180 

2712 

750 

211*0 

U50 

2620 

750 

211*0 

U50 

■26U0 

U50 

29UO 

800 

191*0 

lt5o 

2700 

800 

2000 

U5o 

261i0 

800 

2130 

2708 

800 

2100 

500 

2360 

800 

2180 

500 

2320 

800 

201*0 

500 

2900 

500 

2I4I1O 

850 

1900 

500 

2590 

850 

i960 

2512 

850 

2100 

550 

2300 

850 

20l*0 

550 

2310 

850 

1950 

550 

2800 

850 

2120 

550 

2500 

550 

2520 

900 

1955 

550 

251*0 

900 

1965 

21*95 

900 

2000 

600 

2300 

900 

2050 

600 

2220 

900 

191*0 

600 

251*0 

900 

1910 

600 

2620 

600 

2380 

950 

1860 

600 

21*1*0 

950 

1870 

21*17 

950 

1920 

650 

2260 

950 

2000 

650 

221*0 

950 

1900 

650 

2300 

950 

2000 

650 

21*00 

650 

2370 

650 

2210 

Average 


2225 


2162 


2065 


2011 


1970 


1925 


2297 


eoDCt 
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EIEVATED  TIMPERATURE  SHEAR  DATA 
,0U0”  TITANIUM  (cont'd) 


Temperature 

Op 

1000 

1000 

1000 

1000 

1000 

1000 


Ultimate  Load 
Lba, 

1820 

1900 

1770 

1800 

1880 

1630 


I 

I 


eooit 

MECHANICAL  PROPERTIES  OF  5Al-2SSa.. TITANIUM 

l.A0.3.2.$ 

f  AttE  il2 or  36 

EIZVATED  IQIPmTURE  SHEAR  DATA 


.OgO"TITANIUM 


Temperature 

ultimate  Load 

Temperature 

Ultimate  Load 

op 

Lba. 

Average 

®F 

Lba. 

Average 

Room  Temp. 

3500 

U5o 

3210 

Room  Temp. 

3680 

U50 

3200 

Room  Temp. 

3620 

U50 

3360 

Room  Temp* 

3U60 

U5p 

3210 

3565 

32U5 

100 

3315 

500 

3100 

100 

3U10 

5oo 

3110 

100 

3600 

500 

3220 

100 

3560 

500 

3160 

3U7U 

31U8 

150 

3380 

550 

3155 

150 

37UO 

550 

3185 

150 

36U0 

550 

3110 

150 

3390 

550 

2990 

3538 

3U0 

200 

3UU0 

600 

3130 

200 

3350 

600 

31U0 

200 

3560 

600 

2970 

200 

3570 

600 

3200 

3U80 

3135 

250 

3U30 

650 

3060 

250 

3165 

650 

3095 

250 

3U80 

650 

3080 

250 

3380 

650 

2720 

3336 

2989 

300 

3U20 

700 

3000 

300 

3U30 

700 

3025 

300 

3310 

700 

2800 

300 

3380 

700 

2860 

3385 

2921 

350 

3U00 

750 

29UO 

350 

3U10 

750 

2960 

350 

3U00 

750 

2850 

350 

3200 

750 

2860 

3352 

^02 

Uoo 

33UO 

800 

28UO 

Uoo 

3300 

800 

2800 

Uoo 

32UO 

800 

2880 

Uoo 

3200 

800 

27UO 

3270 

2795 

eoDf  1 

MECHANICAL  PROPERTIES  OF  5Al-25Sn  TITANIUM 

l.AG.3.2.5 
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EIEVATED  TEMPFRATURE  SHEAR  DATA 


.0$0”  TITANIUM  (cont’d) 


Temperature 

Op 


850 

850 

850 

850 

900 

900 

900 

900 

950 

950 

950 

950 

1000 

1000 

1000 

1000 


Ultimate  Load 
Lbs, 


2795 

2810 

2720 

2670 

2650 

2635 

2680 

2785 

2780 

2880 

2600 

2600 

2600 

2615 

2920 

2720 


Average 


271*9 


2690 


2715 


2711* 


•i 

T 


MECHANICAL  PROPERTIES  C3F  5Al-2gSn  TITANIUM 


COOK: 


1«AJ#3*2#5 


PACE 


Of 


ELEVATED  TEMPERATURE  SHEAR  DATA 
,062"  TITANIUM 


Temperature 

Ultimate  Load 

Temperature 

Ultimate  Load 

Op 

Lbs. 

Average 

op 

Lbs. 

Average 

Room  Temp, 

k920 

650 

3800 

Room  Temp, 

k760 

650 

3730 

Room  Temp, 

U700 

3765 

Room  Temp, 

U800 

700 

3560 

Room  Temp, 

li860 

700 

3iiOO 

Room  Temp, 

li800 

3li80 

Room  Temp, 

hsoo 

750 

39hO 

U806 

750 

3hOO 

100 

h600 

3li70 

100 

Umo 

800 

3li70 

100 

hhko 

800 

331^0 

100 

U800 

3U05 

100 

U680 

850 

3iiOO 

100 

U680 

U613 

850 

3320 

3360 

150 

U680 

900 

3290 

ISO 

U500 

h$90 

900 

3300 

3295 

200 

U780 

950 

3300 

200 

U700 

U7U0 

950 

3210 

3260 

250 

U580 

1000 

3360 

250 

1;570 

a575 

1000 

3100 

3230 

300 

li380 

300 

U350 

li365 

350 

U200 

350 

lil20 

U160 

Uoo 

Uo6o 

Uoo 

UOliO 

hc$0 

U50 

Uooo 

U5o 

3980 

3990 

500 

3900 

500 

IlOOO 

3905 

550 

3760 

550 

3760 

3760 

600 

3810 

600 

3660 

3735 

MECHANICAL  PROPERTIES  OF  5Al-2gSn  TITANIUM 


CODE  I 


l.AO.3.2,5 


PAOE 


y_.r  Ji. 


ELEVATED  TIMPERAIURE  SHEAR  DATA 
.078"  TITANIUM 


Temperature 

Op 

Ultimate  Load 
Lbs. 

Average 

X50 

6200 

6200 

200 

6120 

200 

6290 

6205 

250 

63L0 

25  0 

6300 

6320 

300 

59LO 

300 

5825 

5883 

350 

6100 

350 

6000 

6050 

Loo 

5600 

Loo 

57L0 

5670 

1450 

5620 

U50 

5660 

56L0 

500 

5  Loo 

500 

5220 

5310 

550 

5LL0 

550 

5360 

5Loo 

600 

5220 

600 

5000 

65o 

5110 

L850 

650 

L900 

L875 

700 

L730 

700 

L700 

L715 

750 

L830 

750 

L900 

L865 

800 

L800 

800 

L500 

L650 

850 

L500 

850 

L6L0 

L570 

Temperature 

op 

Ultimate  Load 
Lbs. 

Average 

900 

L500 

900 

L7L0 

L620 

950 

L560  . 

950 

L3Lo 

1000 

38LO 

LL50. 

1000 

3L00 

3620 

Ai%^9^w»a»/y  camfgmatmM'raon/ 


code: 


!‘:ECKANICAL  ?RC?S»TISS  C?  ^Al-SrSn  TITANIUM 


24 


PULL-OUT  FATIGUi;  TESTS 


•  .025"  TITANIUM 

^max  ■  255 

Load 

5 

12.75 

10 

25.5 

25 

38.25 

30 

76.5 

50 

127.5 

70 

168.5  ■ 

90 

229.5 

.032"  TITANIUM 

^max  ■  350 

jS^max 

Load 

25 

52.5 

30 

105.0 

50 

175.0 

70 

245.0 

90 

325,0 

.040”  TITANIUM 

^max  -  485 


max 

Load 

25 

72.75 

30 

145.5 

50 

242.5 

70 

339.5 

90 

436.5 

Cycles 


8^024^000  (no  fk'acture) 
464,000 
94,000 
43,000 
4,000 
1,000 
0 


Cycles 

2,121,000  (no  flraeture) 
82,000 
10,000 
1,000 
0 


Cycles 

2,000,000  (no  flraoture} 
96,000 
4,000 
1,000 
0 


CODE  : 


1»AG. 3*2*5 


>:echa:;ical  properties  of  5Ai-a5sn  tii’amum 


OF 


PULL-OUT  FATIGUE  TESTS 


.050"  TITANIUM 


Pfliax  ■  605 


^Pmax 

Load 

Cycleo 

15 

90.75 

2,oUo,ooo( 

30 

181.5 

215,000 

50 

302,5 

19,000 

70 

U23.5 

U,000 

•  90 

5UIi.5 

0 

,062"  TITANIUM 

Pfliax  -  7li5 

^Pmax 

Load 

Cycles 

30 

223.5 

2,098,000 

50 

372.5 

19,000 

70 

521.5 

5,000 

90 

670.5 

2,000 

,078"  TITANIUM 

^max  -  1135 

^Pmax 

Load 

Cycles 

30 

3U0.5 

l,9ll7,000 

50 

567.5 

38,000 

70 

79U.5 

10,000 

90 

1021.5 

0 

cona^amMWMom 


1 


CODE: 

'1 

MEtm^ICAL  PROPERTIES  OP  5Al-agSn  TITANIUM 

l.AO.3.2.5 

,  i.  1 

PAOe  OF  36 

1 

TENSIIZ  SHEAR  FATIGUE  TESTS 

1 

^max  "1598 
JJPmax 

.025"  TITANIUM 

Load 

Cyclea  -r 

10 

159.8 

,  i 

Ul3i000 

15 

239.7 

23,000 

30 

li79.U 

li,000 

50 

799.0 

1,000  -i 

70 

1118.6 

1,000 

90 

lii38.2 

:i 

Pmax  ■  2037 
^max 

,032"  HTANIUM 

Load 

i 

Cycles  ■  ^ 

10 

203.7 

T 

Ul2,000  -A 

35 

305.55 

12,000 

30 

611.1 

li,000  T 

50 

1018.5 

2,000  1 

70 

1L25.9 

1,000 

90 

1833.3 

I 

Pmax  -  2930 
JfPmax 

.OliO"  TITANIUM 

Load 

I 

Cycles 

10 

U39.5 

183,000  I 

15 

293.0 

38,000 

30 

879.0 

7,000  - 

50 

lli65.0 

2,000  1 

70 

2051.0 

2,000  * 

90 

2637.0 

0 

I 


I 

I 

f 


amM'wwoni 


code: 


KECKANICAL  PROPERTIES  OF  5Al-2,5Sn  TITANIUM 


l.AG.3.2.5 

jlTTjT 


Tensile  Shear  Specimen 


Tensile  Shear  Fatigue  Specimen 

25 

r32 


U - 2 - ► 

-i - 1 - - 

IBSB 

^1/4  Rad. 

^ 

3 

5 

16 

r  1 

ii^Weld 

A 

U-Type  Tensile  Pullout  and  Fatigue  Specimen 


NOTES; 

t»  .025" 
.  031" 
.  040" 
.  050" 
.  064" 
.078" 


CODE! 


MECHANICAL  PROPERTIiiS  OF  5Al-2.5Sn  TITANIUM  l.AG.3.2.? 


NOTES; 

1.  Four  S/8**16  NC  bolts  are  used  to  hold  assembly  together. 

2.  Bottom  of  Jig  opens  1/4*'  giving  over<«ll  length  of  4^/4". 

3.  Material  ■  4340 


Adjustable  U*^ctlon  Fatigue  Specimen  Jig 


craves. 


Shear  -  Pounds 


eooc: 


MECHANICAL  PROPERTIES  OF  5Al-2.$Sn  TITANIUM 


l.AO.3.2.5 
PACE  -12^  or  36 


AllOAT  Titanium  AUoy 
Spot  Welding  Testa 
Tension  Results. 


I  0  200  400  600  800  1000 

Temperature  -  'F 

I  Elevated  Temperature  Shear  Properties  of  Titanium 

AUoy  AllOAT  Spot  Welds 

* 


Oi 


Ultimate  Load  -  Pounds 


MECHANICAL  PROPERTIES  OF  5Al-2.$Sn  TITANIUM 


code: 


l.AO.3-2.5 


PAOC 


iL  OF 


Load  vs  Temperature  Properties  -  .  025  Inch  ^ot  Welded  Sheet 


code: 


MECHANICAL  PROPERTIES  OF 


5Al-2.5Sn  TITANIUM 


f  AGE 


I.AG.3.2.5 


-2Loe_31 


Temperature  -  'F 


Load  V8  Temperature  Properties  -  .  032  &ioh  l^t  Welded  Sheet 


/•§<#/•  ir#av/r 


ultimate  Load  *•  Pounds 


MECHANICAL  PROPERTIES  OF  5Al-2.$Sn  TITANIUM 


CODE! 


l.AG.3'.2.5 


r  AOE 


ilL.rJl 


Avg. 

Min. 


Load  vs  Temperature  Properties  -  .  040  Inch  Spot  Welded  Sheet 


code: 


MECHANICAL  PROPERTIES  OF  5Al-2.5Sn  TITANIUM 


l.AO.3.2.5 

^  OF 


Temperature  -  'F 


Load  vs  Temperature  Properties  -  .  050  Inch  l^ot  Welded  Sheet 


a/ma.gts  MW'&Mraa/v  tsa 


Ultimate  Load  -  Pounds 


MECHANICAL  PROPERTIES  OF  SAl-2,5Sn  TITANIUM 


eooti 


I.AG.3.2.5 


26  36 


4800 


4400 


4000 


3600 


3200 


3200 


o''' 

. 

1 

% 

• 

N 

1  B 

'Si 

■  1  '  ‘  ‘ 

• 

• 

Avg. 

Min. 


200  400  600 

Temperature  -  ‘F 


800  1000 


Load  V8  Temperature  Properties  -  .  062  Inch  Spot  Welded  Sheet 


An/aM-raa/y  as> 


COOK! 


MECHANICAL  PROPERTIES  OF  5Al-2.5Sn  TITANIUM  l.AG 


Temperature  -  ‘F 


Load  vs  Temperature  Properties  -  .  078  Inch  Spot  Welded  Sheet 


code: 


MECHANICAL  PROPERTIES  OF  5Al-2,5Sn  TITANIUM 


I.AG.3.2.5 


PAGE 


28 


OF 


36 


Pull-out  Fatfeue  Tests  -  AllOAT  Spot  Welded  Sheet  **  Room  Temperature 


code; 


iIECI-IANICAL  PUOPSR'i'IEii  OF  5Al-2.5Sn  TITANIUM 


l.AD,3.2.5 
PAGE  _25_  OF  36 


I 

I 

I 


pwi  % 


c a 999m, 


^>two/r 


Cycles 

PuU-Oul  Fatigue  Teste  -  AUOAT  Spot  Welded  sheet  -  Room  Temperature 


code: 


MECHANICAL  PROPERTIES  OF  5Al-2.5Sn  TITANIUM 


l.AG.3.2.5 

PACE  _iO.  or 


MECMAiaCAL  PROPiiirriES  OF  5Al-2,5Sn  TITANIUM 


COOIt 

MI2CUANICAL  PROPjlIlTIiiS  OF  5Al-2.5Sn  TITANIUM 

l.AO.3.2.5 

PAGE  OP  _ ^ 

g9mg»MJBK.KB  Mt/BMWta/V  C. 


Cycles 

Tensile  Shear  Fatigue  Tests  -  .  040  Inch  Spot  Welded  Sheet  -  Room  Temperature 


100 


code: 


MECHANICAL  PROPERTIES  OF  5Al-2.5Sn  TITANIUM  l.AG.3.2.5 

PAGE  — IL  OF  — 


pBoq  ©JWITJin  % 


nmgfajBa.tc  /UB'f/uwga/v  cang^anjfwtoiv 


M3CHANICAL  PROPERTIES  OF  5Al-2.5Sn  TITANIUM 


fjmw’Ma/v 


MECHANICAL  PROISITIBS  OF  6ALJiV  TITANIUI«I 

CODE: 

1.AG.3.3.U 

PAOE  1  OF  ^ 

MATmiAL  lOCNTIPICATION  (COML.i 

6Al-i|V  Titanium 

MATER lAU  STATUS 

Serai-Production 

MEAT  OR  EATCH  NUMIER 

M-87lt9 

FORM 

•061;  Sheet 

PROCESSINO  CONDITION  Annealed  (2)  Welded  and  Aged  At  1000*  For  U  Hours 

(3)  Welded  and  Sol*  Treated  At  1700*  For  30  Minutes  -  Then  Aged  at  1000*F  For  U  Hours. 

ORJECT  or  TEST  jq  Evaluate  Fusion  Butt 

Welding  of  6Al*JiV  In  The  Annealed 
and  Aged  Conditions. 

RAC  DATA  REF. 

MRP  Report  No.  58-99-1 

•PCCIMEN  TYPE 

Standard  Sheet  Matal  and  Bend  Test  Specimens  Per  Federal  Test  Method  Standard 
No*  l5la  dated  May  6,  1959 


^  Standard  Sheet  Metal  and  Bend  Test  Specimens  Tested  In  Accordance  '^fllth 
Federal  Test  Method  No.  l5la  dated  May  6,  1959 


CHEIgCAL  ANALYSIS  AS  SUPFT.Tm  BY  PRODUCER 


c 

Fa 

J2L 

A1 

Hp 

Ti 

•029 

.11 

.008 

6.0 

1;.! 

.OOli 

Remainder 

BASE  METAL  AND  VEU)  OENSIIE  lEST  VALUES 

Condition 

Yield  2JS 
Offset  psl 

Ultimate  psl 

Elongation 
%  in  2" 

Location  of  Fracture 

(As-welded 

iHT 

12l;,600 

1.0 

Edge  of  weld 

RW) 

•iw 

117,500 

1.0 

Edge  of  weld 

118,700 

13li,900 

2.0 

Edge  of  weld 

125,080 

llil,630 

2.0 

In  weld 

116,100 

1.5 

In  weld 

(As-welded 

ll;3,200 

161,100 

2.5 

]h  weld 

GV7) 

99,800 

132,200 

1.5 

Edge  of  weld 

126,000 

13li,900 

1.0 

In  weld 

■IHf 

121;,  710 

2.0 

'  In  weld 

109,380 

118,070 

2.0 

.Edge  of  weld 

Base  Metal 

132,500 

ll;6,200 

ll;.0 

(Vendors  test) 

as-received 

13li,500 

3i;l;,900 

ll;.0  . 

(RAG-QCL  test) 

(V7Glded 

129,700 

135,1;00 

1.5 

In  >7eld 

Aged 

128,700 

lii2,300 

9.0 

Base  metal 

RW) 

w 

107,600 

1.5 

In  weld 

137,630 

li;7,210 

6.0 

Base  weld 

51;,300 

2.0 

In  weld 

CODC: 


1.A0.3.3.U 


MBCRANICAL  TWPERTOiS  CF  6AL-IiV  TITANIU!^ 


BASE  METAL  AND  VELD  TENSILE  TEST  V/XUES  (cont*d) 
Yield  2%  Elongatloa 


Condition 

Offset  psi 

Ultimate  psi 

%  in  2" 

Location  of  Fracture 

(Welded  ♦ 

130,000 

M,hoo 

7.5 

Base  metal 

Aged 

12li,300 

1[|2,500 

5.0 

Base  metal 

GW) 

131,120 

Ili6,8l0 

6.0 

Base  metal 

133,6^0 

137,320 

1.0 

Base  metal 

(Base  metal 

128,000 

lli5,600 

12.5 

Base  metal 

Aged) 

130,200 

ll^^,500 

11.0 

Base  metal 

129,500 

lli3,600 

12.5 

Base  metal 

130,100 

imt,55o 

12*5 

(Welded  +  ST 

155,600 

162,600 

1.5 

Base  metal 

+  aged 

ll;6,600 

i6o,Uoo 

1.0 

In  weld 

RW) 

U;6,200 

152,600 

1.0 

Edge  in  weld 

150,000 

152,U20 

0.5 

Heat  affect  sons 

■iW 

72,510 

1.0 

lii  veld 

(Vteldod  ♦  ST 

lli2,700 

170,200 

2.5 

Edge  of  weld 

♦  aged) 

ll;6,000 

l61i,900 

1.5 

In  veld 

155,630 

162,830 

2*0 

Base  metal 

Ili7,l60 

151,320 

2*0 

In  Vfeld 

(Base  metal 

3ii7,500 

168,100 

10*0 

Base  metal 

ST  ♦  aged) 

Il4i,l;00 

161,800 

8.5 

Base  metal 

151;,190 

171,150 

9.5 

Base  metal 

153,800 

173,800 

8*0 

Base  metal 

**  Teat  specimen  failed  before  reaching  yield  point* 
RfcT  Vfeld  reinforcement  intact, 

GW  V7eld  reinforcement  ground  off* 

SI  Solution  heat  treated* 


mtmM'rwaiy 


CODC! 


IGCKANIGAL  FROPERTIBS  (F  dAZAV  TITANIUM 


l.Aa.3.3.U 


PAOE  or 


EEMD  TEST  RESULTS 


Ccndltlon 
Base  metal  -  as  received 
As  welded 
Base  metal  -  aged 
Welded  ^  Aged 

Base  metal  -  solution  heat  treated  aged 
Welded  +  solution  heat  treated  aged 


Results  "  Controlled  Bend 
Bend  Radius 

Satisfactory  -  1;  x  T  -  10^* 
Ftactured  -  11  x  T  •  32* 
Satisfactory  -  li.5  x  T  -  105* 
ft*acturod  ••  12*6  x  T  -  6* 
Satisfactory  -  $,6  x  T  -  lOj* 
Fractured  -  10*U  x  T  -  21* 


yM'rtom 


1 


MECHANICAL  PROPERTIES  OF  5Cr41o-V  STEEL 

code: 

l.A.5.3.3 

RAGE  _  OF 

MATERIAL  IDENTIFICATION  ( COML . 1 

HWD  #2 

MATERIAL  STATUS 

Production 

HEAT  OR  BATCH  NUMBER  ' 

FORM 

L-31U 

Bar 

PROCESSING  CONDITION 

See  Below 


OBJECT  or  TEST 

RAC  DATA  REF. 

Preliminary  evaluation  of 

ir.-O  ii2  Bar 

ERMR  3512,  dated  August  2U,  1956 

SPECIMEN  TYPE 

•5o5  dia,  tensile  specimen  -  same  as  ARTC-13T,  July  1957 


TEST  METHOD: 

Tensile  tests  as  per  ARTC-13T-1  (July  1957). 


I 

I 

I 

I 

I 


Two  pieces  of  If.®  3^"  x  3i"  x  6",  wore  shipped  to  RAC  for  evaluation  by  Firth- 
Sterling.  One  piece,  designated  "A",  was  heat-treated  by  the  supplier.  The  second 
piece,  designated  "B",  was  heat-treated  by  Hercules  Heat  Treat  Co.,  Brooklyn,  Hew  York. 
After  heat-treating,  samples  were  cut  from  each  piece  and  coded  as  shown  on  Page  3. 
Identical  numbers  were  assigned  to  bars  fi^m  each  piece,  with  the  appropriate  "A"  or 
"B"  suffix. 

The  Firth-Sterling  heat  treat  schedule  was: 

Charge  at  lUOO°F,  equalize;  heat  to  1850PF,  equalize  and  soak  one  hour;  salt 
quench  at  1000°F,  equalize  and  air  cool;  temper  U  hours  at  1050°F,  air  cool; 
temper  h  hours  at  1075°F  to  Rockwell  CU5-U6,  air  cool. 

The  heat-treat  schedule  followed  by  Hercules  Heat  Treat  Company  was: 

Charge  at  1U00°F,  equalize;  heat  to  l850OF,  equalize  and  soak  one  hour;  quench 
in  salt  at  lOOQOF,  air  cool;  temper  h  hours  at  1050OF  +25°F,  air  cool;  temper 
U  hours  at  1075°F  +25°F,  air  cool. 


CHEMICAL  COMPOSITION 


X 

ila 

? 

Ni  W 

Fe 

HWD  #2  (Nominal) 

5.25 

1.35 

.50 

1.0 

.37 

Balance 

HWD  (Heat  L-3lU) 

5.20 

1.2U 

.U7 

1.12 

.39 

.37 

.010 

.025 

.27  .15 

'Balance 

MECIJANICAL  PROPERTIES  OF  5Cr-Mo-V  STEEL 


Test  Condition 

Specimen 

Location 

Ult. 

KSI 

,2%  Yield 
KSI 

1 

Heat  Treat 

Room  Temperature 

1 

22U 

202 

7 

222 

197 

Room  Temperature 
After  10  hours  © 
1000®F 

8 

215* 

19li 

Room  Temperature 
After  100  hours 

U  1000°F 

5 

180 

155 

Room  Temperature 
After  100  hours 
©  lOOQOF,  plus 

10  hours  ©  IIOQOF 

3 

167** 

ILI 

600°F  hr,  soak) 

2 

192 

178 

800OF  (i  hr.  soak) 

h 

185 

157 

1000°F  (i  hr.  soak) 

6 

lUo 

llU 

*  Note  Failure  -  Page  3  of  19 

**  Note  Failure  -  Page  3  of  19 


juvtjurta/v  car, 


CODE: 


l.A.5.3.3 


1 


1 


%  Elong*  Ult.  ,2%  Yield  %  Elong 
'  Iji  2»  KSI _ Iffil _ In  2" 

"A"  .  Heat  Treat  "B" 


12.5 

216 

192 

.  13.0 

13.0 

217 

190 

13.0 

lli.O 

216 

18U 

11.5  - j 

i 

15.5 

199 

183 

10.5  J 

T 

17.0 

187 

158 

1 

1U.5  1 

12.0 

187 

163 

1 

15.0 

■ 

lli.O 

GO 

H 

153 

1 

iL.o 

w 

m6 

127 

16.0  * 

I 

I 

] 


MECIUNICAL  PROPERTIES  OF  $Cr^Mo-V  STEEL 


CODE! 


I.a.5.3.3 


^AQE 


OF 


19 


Conditions 

1.  Room  Temp.  -No  Exposure 

2  At  600*F  -  1/2  Hr.  Sof.< 

3  Room  Temp.  -  After  100  lirs. 
at  1000*F  Plus  10  Hrs.  at 
1100*F 

4  At  800*F  -  1/2  Hr.  Soak 

5  Room  Temp.  -  After  100  Hrs. 
at  1000*F 

6  At  lOOO'F  -  1/2  Hr.  Soak 

7  Room  T'  inp,  -  No  Exposure 

8  Room  Temp,  -  After  10  Hours 
at  lOOO'F 

9  Not  used 


SPECIMEN  8A 


SPECIMEN  3A 


Noticeable  reduction  in  area  -  longi¬ 
tudinal  crack  indicating  start  of  failure 
as  in  3A. 


Reduction  in  area  at  center  section. 
Failure  along  longitudinal  axis. 


Location  of  Specimens  “  Condition  of  Test 


'M.ta 


Stress 


cooe: 


MECHANICAL  PROPERTIES  OF  5Cr-Mo-V  STEEL 


^AOE 


l.A.5.3.3 

\jLofJL 


Strain  -  Inchea/lnch 


Stress  vs  Strain 
Specimen  lA 

Room  Temperature  -  No  Exposure 


Stress 


code: 


MECHANICAL  PROPERTIES  OF  5Cr-Mo-V  STEEL 


PAOE 
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Stress  vs  Strain 
Specimen  IB 

Room  Temperature  -  No  Exposure 


MECHANICAL  PROPERTIES  OF  5Cr^o-V  STEEL 


00 

00 


strain  -  inches/inch 


Stress  vs  Strain 
Specimen  7A 

Room  Temperature  -  No  Exposure 


'ajma.Kts  /m/a/uwtaiy  ca. 
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200 

160 

?  120 

00 

00 

CD 

80 

40 

/ 

/ 

/ 

1 

/ _ 

1 

. 002  . 004  . 006 

Strain  -  inches/inch 


Stress  vs  Strain 
Specimen  7B 

Room  Temperature  -  No  Exposure 


Stress 
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0  .  002  .  004  .  006  .  008 

Strain  >  inches/lnoh 


Stress  vs  Strain 
Specimen  8A 

Room  Temperature  -  After  10  Hours  at  1000*F 


MECHANICAL  PHC:?  •;;iTIE3  uK  5Cr-Mo-V  STEEL 


Stress  vs  Strain 
Specimen  8B 

Room  Temperature  -  After  10  Hours  at  lOOO’F 


Stress 
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11 


or 


19 


. 002  . 004  . 006 

Strain  -  inches/inch 


.008 


.010 


Stress  vs  Strata 
Specimen  SB 

Room  Temperature  -  After  100  Hours  at  lOOO'F 
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Stress  vs.  Stridn 
Specimen  8A 

Room  Temperature  -  After  100  Hours  at  1000*F 
Plus  10  Hours  at  1100*F 


ajma.ta  ca 


Stress  vs  Strain 
Specimen  3B 

Room  Temperature  -  After  100  Hours  at 
Plus  10  Hours  at  HOOT 


Stress 


code: 


Stress  -  K.S.I 


Strain-Inches/Inch 

Stress  vs.  Strain 
Specimen  2B 

At  600"  F  -  Half  Hour  Soak 


tsanmt 


Stress  -  K.S.I 
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FACE 


17 


OF 


-i2_ 


Stress  vs  Strain 
Specimen  4B 

At  800*F  -  Half  Hour  Soak 


gwmM»mjma.aa  tso, 


Stress 
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18 


or 


19 


160 


120 


80 


40 


0 


strain  -  Inches/Inch 


Stress  vs  Strain 
Specimen  6A 

At  lOOO'F  -  Half  Hour  Soak 


/9$^0/awfB/v  asa. 


'/UTVB/V 


Stress 
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Stress  vs  Strain 
Specimen  6B 

At  lOOO’F  "  Half  Hour  Soak 
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MATERIAL  IDENTIFICATION  (COML.)  IMATERIAL  STATUS  , 

Halcomb  218  and  Thermold  "A"  Semi-Production 

HEAT  OR  BATCH  NUMBER  ^  !  FORM  ' 

Unavailable  Sheet 

PROCESSING  CONDITION 
See  below 

OBJECT  OF  TEST  jjetermine  fatigue  properties 

of  material  and  effect  of  different  pre-test  3920  dated  March  28.  1957 

conditioning.  , _ _ _ _  _ 

SPECIMEN  TYPE 

See  Pages  6  and  7. 

TEST  METHOD: 

Halcomb  216  and  Thermold  "A”,  both  representative  of  the  5  Cr-Mo-V  hot  work 
die  steels,  were  tested  and  compared. 

All  specimens,  after  machining,  and  forming  if  required,  were  heat-treated  to 
the  200  ksl  level  in  a  salt  bath  to  avoid  the  possibility  of  de carburization  and  the  intro¬ 
duction  of  an  added  variable  in  fatigue  testing. 

Axial  tension  fatigue  data  are  reported  in  pages  3  U  Tor  streis 

values  of  25,  50,  67  and  80  percent  of  the  room  temperature  ultimate  tensile  strength 
(established  by  testing  of  identical  prepared  material). 

Flexure  fatigue  specimens  incorporating  bend  radii  of  2  and  3T  on  a  90°  bend 
were  prepared  in  accordance  with  four  pre-estk)lished  conditions. 

Condition  I 

a)  Bend  in  annealed  ccnditlon 

b)  Heat-treat  to  200  ksi  level 

c)  Vapor  blast 

d)  Fatigue  test 

Condition  II 

a)  Bend  in  annealed  condition 

b)  Polish  with  ISC#  grit 

c)  Heat-treat  to  200  ksi  level 

d)  Vapor  blast 

e)  Fatigue  test 

Condition  III 

a)  Bend  in  annealed  condition 

b)  Heat-treat  to  200  ksl  level 

c)  Vapor  blast 

d)  Polish  with  W  grit 

e)  Fatigue  test 
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Condition  IV 

a)  Polish  with  180#  grit 

b)  Bend  in  annealed  condition 

c)  Heat-treat  to  200  ksi  level 

d)  Vapor  blast 

e)  Fatigue  test 


A  Krause  fatigue  machine  was  modified  to  accept  the  flexure  fatigue 
specimen  design.  A  photograph  illustrating  the  test  set-up  is  provided  on 
page  10  •  Specimen  loading  was  accomplished  by  varying  the  eccentricity  of 
the  crank  Joumal  with  relation  to  the  main  drive  shaft.  Deflections  a  t  the 
upper  end  of  the  connecting  rod  weire  transmitted  to  the  s  pecimen  gage  length 
by  a  coupling  arm  connected  to  the  cam-rod  small  end.  The  entire  specimen 
with  the  exception  of  the  reduced  section  gage  length  was  adequately  supported 
to  eliminate  extraneous  bending.  Maximum  outer  fibre  stresses  in  the  reduced 
section  center  which  was  also  the  center  of  the  bend  arc,  were  calcvilated  by 
means  of  the  moment  area  method  for  a  cantilever  beam.  All  flexure  testing 
was  conducted  at  6?  percent  UTS  in  complete  reverse  bending. 
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Halcomb  216-Tenslon  Fatigue  Avg.  Ultimate  Strength 
Of  208500  psi  Used  For  Fatigue  Stress  Calculationa 


Thickness 

Inches 

Width 

Inches 

ARea 

Inches^ 

Test 

Stress 

psi 

Preload 
3.86  lbs. 

-  .001" 

Alter¬ 

nating 

Load 

Lbs. 

Cycles 

Remarks 

.077 

.507 

.039 

166500 

27000 

Fall 

.077 

.U92 

.0379 

166500 

.179 

568 

17000 

Fail 

.077 

.521 

.01*01 

ll*0800 

.132 

621 

28000 

Fail 

.078 

.li86 

.0379 

153000 

.152 

580 

23000 

Fail 

.078 

.515 

.01*00 

101*200 

.119 

376 

102000 

Fail 

.078 

.508 

.0396 

101*200 

.118 

373 

.0805 

.U92 

.0391* 

52100 

.0585 

185.U 

107 

Run  out 

.076 

.U98 

.0378 

52100 

.056 

177.2 

107 

Run  out 

.076 

.li98 

.0378 

11*0800 

.152 

1*78.8 

70000 

Fail 

Static  Tensile  Data 

T 

W 

A 

U.L. 

u.s. 

%  Elong  2" 

.078 

.U87 

.0380 

7900 

208000 

8.0 

.0775 

.1*99 

.0389 

6120 

209000 

9.0 

■ 

.075 

.1*86 

.037 

761*0 

2061*00 

Fatigue  Specimen 

Configuration 
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Thermold  ”A'*  Tension  Fatigue  Avg»  Ultimate  Strength 
Of  216,000  psl  Used  For  For  Fatigue  Stress  Calculations 


Test 

Preload 

Alternate 

Thickness 

Width 

Area  2 

Stress 

3.86  lbs. 

Load 

Inches 

Inches 

Inches^ 

Ipsij 

-.001  in. 

lbs. 

Cycles 

Remarks 

.075 

.500 

.0375 

173000 

.198 

583.2 

18000 

Fail 

.075 

.li88 

.0366 

173000 

.19li 

569.7 

17000 

Fail 

.07U 

.1;86 

.O36L 

1L5000 

.161 

li75.2 

60000 

Fail 

.075 

,U89 

.0367 

1U5000 

.162 

U78.8 

39000 

Grip  Fall 

.075 

.li88 

.0366 

108000 

.120 

355.1; 

218000  . 

Fail 

.075 

.U91 

.0368 

108000 

.121 

357.8 

10.2  X  lOP 

Run  Out 

.075 

.L89 

.0367 

108000 

.121 

356 

100000 

Fail 

.075 

.L86 

.036L 

108000 

.120 

353.8 

126000 

Grip  Fail 

.075 

.U98 

.0373 

108000 

.120 

355.5 

109000 

Grip  Fail 

.075 

.L89 

.0367 

1U5000 

.163 

h78,7 

68000 

Fail 

Static  Tensile  Data 

T 

w 

A 

U.L. 

u.s. 

f  Elong.  2" 

.075 

.1*95 

.0371 

7960 

215000 

8.0 

.075 

.1;89 

.0367 

7960 

217000 

.  9.0 

n 

[I 

[1 

fi 

n 

I 

I 

I 


I 

I 
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All  Tests  Performed  At  *67  Ultimate  Strength 


Percent  Ujrcles 

Ultimate  Bend  Material  To 

Strength  Radius  Thickness  Failure  Condition 


Halcomb  218 


67 

2T 

Average 

"Sir 

6000 

I 

67 

3T 

.076 

8000 

I 

67 

2T 

.076 

3900 

n 

67 

3T 

.076 

10800 

n 

f>l 

2T 

.076 

3350 

III 

i 

67 

3T 

.076 

1100 

III 

^  a. 

67 

2T 

.076 

U200 

IV 

'V 

1 

67 

3T 

.076 

8200 

IV 

! 

Thermold  A 

T  ’ 

1 

! 

Average 

67 

2T 

.075 

7100 

I 

67 

3T 

.075 

8700 

I 

«>. 

•  67 

2T 

.075 

8000 

II 

67 

3T 

.075 

7150 

•  II 

T 

67 

2T 

.075 

3300  . 

•  ni 

i 

67 

3T 

.075 

700 

ni 

67 

2T 

.075 

6300 

IV 

67 

3T 

.075 

10300 

IV 

coBBon/g-rgotv 


240 
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MATERIAL  IDENTIFICATION  ( COML . 1 

17-7PH  Corrosion  Resisting  Steel 

MATERIAL  STATUS 

Production 

HEAT  OR  BATCH  NUMBER 

See  Data  Below 

FORM 

Sheet.  See  Data  Below 

FR0CESSIN6  CONDITION 

See  Data  Below 

OBJECT  OF  TEST 

To  determine  effect  of  surface  pre¬ 
paration  on  tensile  properties. 

RAC  DATA  REF. 

RAC  unpublished  test  data.  Ref. 

■  KHP  W.O.  58-127. 

SPECIMEN  TYPE 

Tension  -  Std.  Sheet  Metal  Per  ARTC-13-T,  Dated  July  1957. 

TEST  METHOD: 


Specimen  surfaces  were  prepared  by  various  processes  both  before  and  after  heat 
treatment.  In  all  instances,  heat  treatment  consisted  of  lliCX)°F  for  90  minutes, 
cool  to  60°F  within  1  hour,  hold  for  l/2  hour  at  60°F,  1050°!'’  for  90  minutes, 
air  cool  to  room  temperature.  Processes  used  in  preparation  of  various  specimens 
are  itemized  below: 

Item  Numtoer  Process 

Blank  specimen  with  die. 

Machine  specimen. 

Deburr  edges. 

Draw  file  edges. 

Draw  file  edges>  remove  .005"  per  edge. 

Draw  file  edges,  remove  .010"  per  edge. 

Polish  edges. 

Clean  and  coat  with  Hirco  #1:367  Scale  .Inhibitor . 
Heat  'Qreat,  separated. 

Heat  Treat,  stacked. 

Pickle  in  Hi tric-Hydro fluoric  acid. 

Vapor  blast. 

Abrasive  finish  faces  (22ClA  grit  paper). 

Abrasive  finish,  vibratory  barrel. 

Polish  faces. 
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ROOM  TEMPERATURE  TBNSILE  PROPERTIES 


Specimen 

Number 

Heat 

Number 

Gage 

(Inches) 

Processing 

Tensile 

•Yield 

Strength 

(PSD 

Ultimate 

Tensile 

Strength 

(PSD 

Elong¬ 
ation 
in  2'' 
(%) 

AlDT-l 

880258 

.0^0 

Items  2,3,8,9,12,7 

162,000 

195,000 

6.0 

'  -2 

n 

II 

169,000 

196,000 

7.5 

-h 

11 

If 

I81i,000 

203,000 

5.5 

AlOT-6 

II 

II 

Items  2,3,7,8,9,12,7 

161,000 

182,000 

6.0 

-7 

n 

If 

166,000 

19U,000 

6.5 

-8 

n 

II 

157,000 

186,000 

7.0 

AlOT-9 

If 

II 

Items  2,3,U,7,8,9,12, 

170,000 

192,000 

7.5 

-10 

n 

tl 

7 

176,000 

198,000 

6.0 

-11 

N 

If 

163,000 

182,000 

.  5.5 

AlOT-13 

II 

If 

Items  8,9,1,12 

173,000 

189,000 

U.0 

-11* 

If 

If 

178,000 

192,000 

3.0 

. 

II 

II 

i7U,ooo 

190,000 

U.o 

-16 

II 

It 

176,000 

191,000 

3.0 

AlOT-17 

tl 

ff 

Items  8,9,1,11 

156,000 

166,000 

2.0 

-18 

II 

If 

161,000 

168,000 

2.0 

-19 

It 

It 

151,000 

162,000 

2.0 

AlOT-21 

It 

n 

Items  8,9,1,12,7 

17li,000 

193,000 

6.0 

-22 

II 

II 

181,000 

200,000 

6.5 

-23 

It 

II 

177,000 

193,000 

6.0 

AlOT-25 

If 

It 

Items  l,li,7,8,9,12 

187,000 

201,000 

5.5 

-26 

If 

II 

171,000 

188,000 

6.0 

-27 

tl 

II 

175,000 

19U,000 

5.5 

AlOT-29 

It 

II 

Items  1,8,9,12,7 

180,000 

203,000 

6.5 

-30 

If 

II 

177,000 

199,000 

8.0 

-31 

II 

II 

167,000 

192,000 

8.0 

-32 

II 

II 

182,000 

199,000 

6.0 

AlOT-28 

N 

It 

Items  1,U,7,8,9,12, 

173,000 

192,000 

8.0 

-33 

11 

If 

7,15 

177,000 

195,000 

6.0 

-3U 

M 

It 

169,000 

192,000 

5.0 

-35 

If 

It 

180,000 

202,000 

6.0 

-36 

II 

It 

173,000 

191,000 

6.0 

-1*8 

It 

II 

186,000 

205,000 

7.0 

AIOT-38 

H 

ft 

Items  l,li,7,8,9,. 

182,000 

199,000 

5.0 

-39 

If 

It 

7,15 

169,000 

190,000  . 

7.0 

-1*0 

II 

II 

183,000 

199,000 

6.5 

-U5 

II 

II 

189,000 

206,000 

5.0 

-U6 

It 

II 

185,000 

199,000 

5.0 

-58 

II 

tl 

178,000 

193,000 

5.0 

-60  " 

II 

172,000 

190,000 

5.0 
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ROOM  TEMPE3tATURE  TENSII£  PROPERHES 

SpedLmen 

Number 

Heat 

Number 

Gage 

(Inches) 

Processing 

Tensile 

Yield 

Strength 

(PSD 

Ultimate 

Tensile 

strength 

(PSIl 

Elong¬ 
ation 
in  2'' 

AlOT-lil 

860258 

.010 

Items  1,7,8,9,12 

183,000 

198,000 

6.0 

-U2 

It 

II 

172,000 

190,000 

6.5 

-43 

ti 

II 

174,000 

192,000 

7.5 

-44 

It 

11 

175,000 

194,000 

7.0 

AIOT-49 

II 

II 

Items  1,4, 7, 8, 9 

168,000 

188,000 

7.5 

-50 

II 

II 

171,000 

188,000 

7.5 

-51 

II 

II 

171,000 

188,000 

7.5 

-52 

It 

It 

141,000 

177,000 

7.0 

aiot-53 

It 

n 

Items  1,4,7,8,9,11 

148,000 

168,000 

6.0 

-54 

II 

It 

152,000 

169,000 

7.0 

-55 

ft 

It 

156,000 

172,000 

6.0 

aiot-56 

It 

11 

Items  1,4,7,8,9,11 

166,000 

192 >000 

6.5 

-57 

II 

It 

7,15 

154,000 

188,000 

5.5 

AIOT-61 

It 

II 

Items  1,4,7,8,9,13, 

177,000 

193,000 

5.5 

-62 

It 

II 

7 

168,000 

190,000 

6.0 

-63 

It 

It 

176,000 

192,000 

5.5 

AIOT-64 

n 

It 

Items  1,4,7,8,9,13, 

179,000 

196,000 

6.0 

-66 

It 

11 

7,15 

185,000 

198,000 

5.0 

-67 

II 

It 

173,000 

191,000 

6.5 

AlOT-81 

11 

11 

Items  8,9,1,12,7,15 

176,000 

192,000 

5.5 

t83 

II 

It 

181,000 

198,000 

7.5 

-84 

It 

II 

187,000 

202,000 

6.0 

AIOT-85 

II 

It 

Items  8,9,1,11,7 

160,000 

170,000 

3.0 

-86 

It 

II 

161,000 

171,000 

3.0 

-87 

n 

It 

159,000 

172,000 

4.5 

-88 

It 

It 

159,000 

171,000 

5.5 

AlOT-91 

II 

It 

Items  8,9,1 

170,000 

184,000 

3.0 

-92 

It 

II 

171,000 

185,000 

3.0 

AlOT-97 

II 

It 

Items  1,8,9,5,12,7 

175,000 

210,000 

5.5 

-98 

11 

II 

175,000 

205,000 

6.0 

-99 

It 

It 

183,000 

204,000 

6.75  . 

AlOT-101 

It 

II 

Items  1,8,9,6,12,7 

185,000 

206,000 

6.25 

-102 

It 

11 

181,000 

200,000 

6.75 

-103 

II 

11 

179,000 

198,000 

6.5 
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ROOM  TJMPERATURE  TENSILE  PROPERnES 

Specimen 

Number 

Heat 

Number 

Qage 

(Inches) 

Processing 

Tensile 

Yield 

Strength 

(PSD 

Ultimate 

Tensile 

Strength 

(PSD 

Elong¬ 
ation 
lii  2" 

W 

AIOT-105 

880258 

.010 

Items  1^8^9^7 

186,000 

199,000 

6.0 

'  -106 

fi 

It 

190,000 

200,000 

5.5 

-107 

II 

11 

182,000 

196,000 

6.5 

-108 

II 

II 

182,000 

196,000 

6.5  . 

AlOf-109 

It 

II 

Items  1,5,8,9,12,7 

181,000 

197,000 

6.0 

-110 

II 

II 

197,000 

210,000 

6.0 

-111 

II 

n 

190,000 

207,000 

5.0 

AlOT-113 

It 

II 

Items  1,6,8,9,12,7 

191,000 

204,000 

5.5 

-uh 

II 

It 

187,000 

198,000 

6.0 

-115 

II 

II 

184,000 

198,000 

5.0 

-116 

II 

n 

177,000 

196,000 

6.0 

AlOT-117 

n 

II 

Items  1,8, 9, U, 7 

175,000 

194,000 

7.0 

-118 

II 

II 

174,000 

192,000 

7.0 

-119 

It 

II 

174,000 

192,000 

7.0 

-120 

II 

It 

162,000 

191,000 

7.75 

AlOT-133 

II 

II 

Items  2,8,9,12,7 

177,000 

192,000 

6.5 

-13li 

II 

It 

171,000 

191,000 

6.0 

-135 

M 

II 

169,000 

188,000 

6.Q 

-136 

II 

II 

177,000 

192,000 

5.5 

AlOT-137 

II 

II 

Items  2,8,9,5,12,7 

176,000 

191,000 

6.0 

-138 

It 

It 

177,000 

192,000 

6.0 

-139 

II 

M 

169,000 

193,000 

6.5 

-lliO 

11 

181,000 

193,000 

5.0 

AlOT-lla 

II 

It 

Items  2,8,9,6,12,7 

175,000 

192,000 

6.5 

-li*2 

II 

II 

178,000 

194,000 

5.25 

-m3 

It 

II 

178,000 

196,000 

7.25 

-liiu 

11 

II 

176,000 

191,000 

5.5 

A10T-lii5 

n 

II 

Items  2, 8,9, 7 

184,000 

194,000 

5.5 

-146 

w 

11 

185,000 

194,000 

5.5 

-147 

II 

II 

185,000  . 

196,000 

5.0 

-148 

11 

II 

187,000 

198,000 

5.0 

AlOT-149 

II 

II 

Items  2,5,8,9,12,7 

184,000 

198,000 

5.5 

-150 

II 

II 

184,000 

199,000 

6.0 

-151 

ti 

It 

185,000 

199,000 

5.5 

-152 

II 

II 

183,000 

200,000 

5.5 

AaOT-153 

II 

II 

Items  2,6,8,9,12,7 

187,000 

206,000 

7.5 

-154 

It 

II 

194,000  ■ 

230,000 

6.5 

-155 

It 

It 

188,000 

209,000 

5.0 

-156 

II 

II 

197,000 

218,000 

6.0 

nm^ajmiLto  aammamtMWvoiy 


coot: 

MECHANICAL  FROPE^IBS  OF  17-7PH 

l.A.6.6.9 

<  k 

^AGE  Jz—  or 

ROOM  TEMPERATURE  TEUSILE  PROPERTIES 


Speclnen 

Number 

Heat 

Number 

Gage 

(Inches) 

Processing 

Tensile 

Yield 

Strength 

(PSD 

Ultimate 

Tensile 

Strength 

(PSD 

Elong¬ 
ation 
in  2»» 

{%) 

AIOT-157 

880258 

.010 

Items  2,8,9,11,7 

183,000 

196,000 

5.5 

'  -158. 

n 

II 

182,000 

195,000 

7.0 

-159 

ti 

II 

188,000 

197,000 

14.25 

-160 

II 

II 

188,000 

199,000 

5.0 

AIOT-161 

II 

II 

Items  2,10,12,7 

239,000 

2li9,000 

5.5 

1 

-162 

ti 

II 

189,000 

206,  (XX) 

6.0 

‘ 

-163 

II 

II 

190,000 

205,000 

14.5 

-16L 

II 

11 

208,000 

227,000 

6.0 

1 

1 

AIOT-165 

It 

It 

Items  2,10,7 

185,000 

196,000 

6*0 

i 

-166 

II 

II 

183,000 

,  196,000. 

6.0 

T  ' 

-167 

It 

n 

185,000 

195,000 

2.0 

1 

i 

1 

-168 

II 

It 

185,000 

197,000 

5.5 

AIOT-169 

II 

It 

Items  8,9,1,12,7 

197,000 

211,000 

•'6.5 

T  ' 

-170 

II 

It 

197,000 

210,000 

8.0 

.  - 

-171 

It 

II 

209,000 

220,000 

6.0 

AIOT-173 

II 

II 

Items  8,9,1,5,12,7 

197,000 

208,000 

5.5 

1 

1 

-17li 

II 

It 

193,000 

207,000  ' 

6.0 

-175 

M 

n 

191,000 

206,000 

5i75 

-176 

ft 

It 

187,000  ' 

20U,000 

5.25 

i 

AlOT-177 

It 

II 

Items  8,9,1,6,12,7 

188,000 

20li,000 

5,5 

-178 

11 

II 

182,000 

199,000 

7.75 

T- 

-179 

It 

II 

180,000 

198,000 

6*75 

i 

-180 

II 

It 

175,000 

193,000 

6,75 

AlOT-181 

II 

II 

Items  8,9,7 

18L,000 

196,000 

6.0 

-182 

II 

II 

177,000 

193,000 

6.0 

-183 

II 

It 

179,000 

193,000 

6.5 

*T-' 

-18L 

II 

II 

181,000 

193,000 

5.5 

' 

AIOT-185 

It 

II 

Items  8,9,2,12,7 

179,000 

1914,000 

6.25 

-186 

It 

It 

180,000 

196,000 

6.25 

-187 

II 

It 

195,000 

209,000 

3.0 

1 

-188 

N 

It 

18li,000 

2014,000  . 

5.0 

AlOT-189 

If 

II 

Items  8,9,2,5,12,7 

189,000 

203,000 

5.5 

I’ 

-190 

II 

n 

191,000 

205,000 

7.5 

1 

-191 

II 

II 

189,000 

202,000 

6.0 

-192 

It 

II 

185,000 

200,000 

7*25 

1 

A10T^193 

II 

It 

Items  8,9,2,6,12,7 

180,000 

197,000 

6.0 

-19L 

It 

II 

182,000 

198,000 

7.0 

-195 

II 

It 

183,000 

198,000 

6.5 

-196 

It 

11 

177,000 

195,000 

6.5 

asaaaaaaaaaM’raaaiy 
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MECHAMCAL  PROPERTTES  OP  17^7PH 

l.A.6.6.9 

PAOE  — or 

ROOM  TEMPERATURE  TENSILE  PROPERTIES 


Spoclnen 

Heat 

Qage 

Tensile 

Yield 

Strength 

Ultimate 

Tensile 

Strength 

Elong¬ 
ation 
in  2'' 

Number 

Number 

(Inches) 

Processing 

(PSD 

(ra) 

AlOT-197 

880258 

.010 

Items  8, 9,2,7 

180,000 

193,000 

6.5 

-198 

II 

n 

172,000 

190,000 

6.5 

-199 

II 

It 

177,000 

191,000 

6.5 

-200 

11 

II 

175,000 

189,000 

6.25 

AlOT-201 

II 

II 

Items  10,2,7 

183,000 

192,000 

h-5 

-202 

II 

11 

183,000 

190,000 

h»0 

-203 

tl 

II 

180,000 

191,000 

6.0 

-201^ 

It 

11 

180,000 

188,000 

5.0 

A10T-205 

II 

tl 

Items  10,2,12,7 

189,000 

199,000 

U.25 

-206 

11 

It 

186,000 

198,000 

5.0 

-207 

11 

11 

188,000 

199,000 

6.5 

-208 

tl 

II 

165,000 

195,000 

6.0 

AlOT-213 

II 

II 

Items  2,8,9,lii,7 

196,000 

209,000 

8.75 

-2Ui 

II 

11 

19U,000 

207,000 

6.0 

-216 

It 

II 

198,000 

211,000 

8.0 

AlOT-217 

11 

tl 

Items  8,9>lflli 

185,000 

198,000 

6.25 

-218 

II 

tl 

175,000 

193,000 

6.25 

-219 

II 

II 

176,000 

193,000 

6.25 

-220 

II 

II 

181,000 

196,000 

6.5 

MECHANICAL  HtOPERHES  OF  INVAR  . 

CODE! 

1. A. 6.10.1 

PASE  — ^  OF  ^ 

MATERIAL  IDENTIFICATION  I COML . 1 

MATERIAL  STATUS 

Invar 

Production 

NEAT  OR  BATCH  NUMBER 

FORM 

Unavailable 

Sheet  1  #010**  Gage 

PROCESSINO  CONDITION 


See  Data  Below. 


OBJECT  OF  TEST 

To  detemine  the  effect  of  work  hard¬ 
ening  and  stress  relief  on  mechanical 
_ properties. _ 

SPECIMEN  TYPE 


RAC  DATA  REF. 

RAC  MRP  Report  No.  6O-II6-I  dated 
March  I6,  196I. 


Tension  -  Std.  Sheet  Metal  Per  ARTC-l^-T,  dated  July  1957. 

TEST  METHOD: 

Specimen  Condition! 

A.  Specimens  A1  through  A6i  As  received  (annealed  by  producer). 

B.  Specimens  B1  through  B7i  Cold  rolled  to  reduction  indicated  in  data  below. 

C.  Specimens  Cl  through  C6:  Cold  rolled,  followed  by  thermal  treatment  as  follows! 

!•  1525°F  +  25°P  for  30  minutes. 

2.  Water  quench. 

3.  600°?  f  loop  for  1  hour. 

4.  Air  cool. 

5.  205°F  i  10°F  for  U8  hours. 

6.  Air  cool. 

Tensile  tests  were  conducted  per  ARTC-13-T-1  dated  July  1957 • 


ROCM  TEMPERATURE  TENSILE  PROPERTIES 


Spec . 
No. 

Gage 

(Inches) 

Gage 

Reduction 

{%) 

Grain 

Direction 

Ultimate 

Tensile 

Strength 

(PSD 

Tensile 

Held 

Strength 

(PSD 

Elongation 
In  2"  (Jt) 

A1 

.010 

0 

Longitudinal 

82,700 

56,300 

27.5 

A2 

.010 

0 

Longitudinal 

85,800 

U7,800 

28.0 

A3 

.010 

0 

Longitudinal 

86,000 

52,000 

24.0 

Ali 

.010 

0 

Transverse 

83,UOO  .. 

U9,U00 

27.5 

A5 

.010 

0 

Transverse 

81,000 

l!7,600 

33.5 

A6 

.010 

0 

Transverse 

82,000 

U6,000 

24.5 

cook: 

MECHANICAL  FROPERHES  OF  INVAR 

i.A.6.id.i 

PAGE  — _  OP  ^ 

ROCM  TEMPERATURE  TENSILE  FROPERnES  -  (Continued) 


Spec. 

No. 

Gage 

(Inches) 

Gage 

Reduction 

(» 

Grain 

Direction 

Ultimate 

Tensile 

Strength 

J^PSI) 

Tensile 

Yield 

Strength 

(PSD 

Elongation 
In  2"  c*;) 

Bl 

.0075 

25 

Transverse 

107,000 

93,000 

3.5 

B2 

.0075 

25 

Transverse 

108,000 

103,100 

4.0 

B3 

.0060 

Uo 

Transverse 

130,1|00 

226, XOO. 

3.0 

BU 

.0059 

lil 

Transverse 

120,800 

117,400 

2.0 

B5 

.0056 

lil4 

Transverse- 

137,100 

136,400 

2.5 

B6 

.00U5 

55 

Transverse 

105,400 

103,100 

1.5 

D7 

.003U 

66 

Transverse 

122,800  , 

107,800 

1.0 

Cl 

.0072 

28 

Transverse 

69,000 

41,800 

27.5 

C2 

.0068 

32 

Transverse 

67,600 

40,600 

17.0 

C3 

.0053 

h7 

Transverse 

65,000 

40,500 

24.0 

1' 

Cl* 

.0052 

hti 

Transverse 

65,100 

39,900 

21,5 

c5 

,00U2 

58 

Transverse 

59,900 

42,500 

12.5 

C6 

.0032 

68 

Transverse 

59,100 

43,400 

X3.0 

MECHANICAL  PR0BRTIE8  OP  AISI  302  STAINLESS  STEEL 

code: 

l.AO.6.11.1 

PAGE  -L-  OF 

MATERIAL  IDENTIFICATION  (COML.I 

302  Htalnless 

material  status 

Production 

HEAT  OR  BATCH  NUMBER 

Unavailable 

FORM 

Sheet 

PROCESSING  CONDITION 

Half  hard 

OBJECT  OF  TEST 

Determine  spotweld  properties 

RAC  DATA  REF; 

ERMR  13  dated  July  23,  1956 

SPECIMEN  TYPE 

See  pagea  12  and  13* 


TEST  METHOD:  ^  series  of  tensile  pull-out  and  tensile  shear  tests  were  performed  on  the 

302  stainless  material.  The  results  obtained  are  indicated  in  the  aceompangrlng  tables. 

The  shear  specimens y  as  shown  on  page  12,  were  tested  on  a  Baldwln-Emer7 
SR<h  testing  machine  of  50,000  poxxnds  capacity  after  allowing  the  specimens  to  soak  at 
temperature  for  1/2  hour.  Ultimate  load  vs.  temperature  data  was  recorded  and  shown 
on  appropriate  accompanying  curves. 

The  oven  used  to  reach  and  maintain  temperatures  was  a  portable  two-pieoe  unit 
which  could  be  placed  around  the  specimen  and  removed  after  testing.  A  ehz*oiael-alumell 
thermocovqple  and  potentiometer  was  used  to  measure  temperature  iddch  was  accurate  up  to 

i  loop. 


Two  holes  were  drilled  in  the  ends  of  the  tensile  shear  specimens  selected 
for  fatigue  testing  in  order  to  facilitate  mounting  into  a  Sontag  10,000  lb.  SP-lOU  fatigue 
testing  machine.  The  "U"  section  specimens  were  attached  to  the  adjiistable  Jig  (pagd  13  ) 
and  the  whole  assembly  was  then  mounted  on  a  Sontag  2000  lb.  SP-IU  fatigue  testing  michlne. 
The  adjustable  Jig  was  designed  to  Insure  a  tight  flt-vp  between  the  specimen  and  Jift  at 
all  times  during  testing.  This  tended  to  prevent  scattered  results  due  to  excessive  ^ 
vibration  during  testing.  The  mlnlmuV»aximum  ratio  used  for  all  fatigue  tests  was  0.1. 

Page  27  ie  a  photograph  (mag.  ■  250Z)  of  a  typical  as-cast  grain  structure 
of  half -hard  stainless  steel. 
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MECHAmCAL  PROPBRTZSS  OP  A18Z  302  SIAIIILBSS  STEEL 


COOK: 


I.AO.6.11.1 


2  21 
PACK  -  OF  - L 


TEST  RESULT  SUMIART 
STAINLESS  STEEL  HAtf -HARD 


Material 

Thleknaaa 

ATaraga  Tanalla 

PoUout  -  lb* 

Arerage  Tensile 
Shear  -  lb. 

Ratio  Tensile 
PoUoat  to 
Tensile  Shear 

RKPEBENG8 

1 

1 

2 

2 

O 

• 

1 

¥> 

o 

• 

710 

1388 

121*9 

.512 

.031-.031 

780 

1937 

2033 

•1*03 

•oLo>.oiio 

1030 

2U77 

2598 

•ia8 

§ 

• 

1 

§ 

• 

17145 

31*55 

330U 

.506 

•062-,062 

1980 

1*099 

l*l4l*0 

•1*85 

.078-,078 

Ul50 

5927 

5250 

.703 

REFEROICE  OODEs 

!• 

Testa  bj  shop  process  seotion 

2. 

Tests  b7  engineering  research  section 

oami 


MECHANICAL  PROPBITIES  OF  AZSI  302  HTAIN12SS  STEEL 


code: 


l.AO.6.11.1 
fAOe  Jl—  OF  .UL 


ELEVATED  TlMPiRATORE  SHEAR  DATA  -  STAINLESS  STEEL  3/2  HARD  .OTS* 


Tem|Mrature 

Ult.  Load 

Xil!)8* 

Average 

100 

88 

5250 

200 

5300 

5200 

5250 

2$0 

U820 

1*820 

300 

1*500 

5200 

1*850 

350 

10*1*0 

l*l*l*o 

Uoo 

Q  o 

1*870 

1*50 

1*1*20 

1*1*20 

500 

1*31*0 

1*1*80 

1*1*10 

550 

1*31*0 

1*31*0 

600 

1*300 

1*170 

U235 

650 

381*0 

381*0 

700 

o  o 

3960 

750 

3800 

3800 

800 

1*000 

3800 

3900 

850 

1*020 

1*020 

900 

3780 

1*280 

1*030 

950 

3900 

3900 

1000 

3820 

3800 

3810 

y/nrwam 


CODE: 


MECHAt^ICAL  PROPERTIES  OP  AISI  302  STAINLESS  STEEL 


l.AO.6.11.1 


PAGE  — k„„  or  27 


ELEVATED  TEMPERATURE  SHEAR  DATA 

-  STAINLESS  STEEL  l/2  HARD 

.061*" 

Average 

Temperature 

Ult.  Load 
Lbs. 

Arerace 

Tei^wrature 

op 

Ult.  Load 
Lbs. 

RT 

U600 

1*1*1*0 

550 

3380 

3307 

li330 

331*0 

U200 

3200 

U600 

1*560 

600 

31*60 

3283 

1*350 

3260 

3130 

100 

1*300 

1*233 

1*200 

650 

311*0 

3173 

1*200 

3180 

3200 

ISO 

l*5Uo 

1*260 

3980 

700 

2900 

2957 

3320 

200 

1*260 

la20 

2650 

1*000 

UlOO 

750 

3100 

3027 

3020 

250 

3600 

3700 

2960 

3800 

600 

3260 

3027 

300 

3920 

3507 

2880 

3200 

291*0 

31*00 

850 

2600 

2600 

350 

3300 

31*50 

28U5 

3600 

2955 

Uoo 

3700 

3333 

900 

2500 

2660 

3000 

2960 

3300 

2620 

L50 

3360 

31*00 

950 

21*55 

2788 

31*1*0 

2960 

2950 

500 

31*00 

31*67 

351*0 

1000 

2870 

2880 

31*60 

2890 

r/v 


code: 


MECHANICAL  PROPERTIES  OP  AISX  302  STAINLESS  STEEL 


l.AO.6.11.1 

fAGE  _ ^  OF  ?..t, 


ELEVATED  TEMPERATURE  SHEAR  DATA  -  STAINLESS  STEEL  1/2  HARD  .050" 


Temperature  Ult*  Load 


op 

Lbs. 

Average 

RT 

3355 

3370 

3250 

32li0 

330U 

100 

3190 

2920 

3lli0 

2970 

3055 

150 

2900 

2860 

2880 

2920 

2895 

200 

2790 

2880 

2700 

2800 

2793 

250 

2690 

2750 

2600 

2680 

2660 

300 

2510 

2li50 

2590 

2li00 

2U88 

350 

21460 

2I450 

2360 

2I4OO 

2la8 

koo 

2500 

2390 

2280 

2300 

2368 

U50 

2370 

2I4OO 

2380 

21430 

2395 

500 

3883 

CM  CM  CM  CM 

2363 

Temperature 

Op 

Ult.  Load 
Lbs. 

Average 

550 

2380 

2370 

2I46O 

2350 

2390 

600 

2360 

2350 

2310 

2370 

23U8 

650 

2500 

2310 

2230 

2170 

2U03 

700 

2295 

2390 

2310 

2380 

23lil* 

750 

2270 

2310 

2365 

2230 

229U 

800 

2210 

21140 

2290 

2250 

2223 

850 

2310 

2360 

2215 

2060 

2236 

900 

2220 

2200 

2150 

2250 

2205 

950 

2085 

2020 

2I4IO 

2I4I4O 

2239 

1000 

2060 

2090 

2300 

2300 

2138 

am 


maa/mM.aa  m^BM-rtam 


CODE! 


MECHANICAL  PROPERTIES  CT  AISI  302  STAINLESS  STEEL 


PAGE  .  ^  or 


ELEVATED  TEMPERATPRE  SHEAR  DATA  -  STAINLESS  STEEL  X/2  HARD  .OUO" 


Temgeraturt 

Ult.  Load 
Lba. 

Averasa 

RT 

2500 

2610 

2630 

2620 

2630 

2598 

100 

2330 

2530 

2550 

2250 

22U0 

2380 

150 

2200 

2160 

2200 

2000 

1980 

2106 

200 

20U0 

2050 

2100 

2190 

1980 

2072 

250 

2050 

2000 

20^0 

1900 

1850 

1968 

300 

19U0 

2100 

2200 

1770 

19U0 

1990 

350 

1930 

1990 

1930 

1710 

1700 

1852 

Tan^ature 

Ult.  Load 
Lba. 

9 

liOO 

1800 

1880 

1860 

1720 

1710 

1790 

U5o 

1780 

1810 

1660 

1700 

1715 

1773 

500 

1710 

1600 

1800 

1750 

1750 

1762 

550 

1750 

1700 

nho 

1600 

1730 

1750 

17li5 

600 

1700 

1770 

1700 

1720 

1790 

1800 

171*7 

650 

1820 

17U0 

I7I4O 

1690 

1780 

1790 

1752 

09ma»ajiaM.ga  tsa/Kt, 


eODC: 
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PAGE 


OF 


ELEVATED  TEMPERATURE  SHEAR  DATA  »  STAINLESS  STEEL  l/2  HARD  ,OkO" 


TompMrature 

oy 

Ult*  Load 
Lbs. 

ATerase 

700 

1700 

1680 

17U0 

1760 

1730 

17U0 

1725 

750 

1620 

161*0 

1600 

1720 

1560 

1200 

1560 

600 

1760 

1622 

1750 

171*0 

1710 

1210 

1360 

850 

1680 

1900 

1800 

1680 

1320 

li*00 

1563 

Temperature 

°F 

Ult.  Load 
Lbs. 

Average 

900 

1790 

1780 

1650 

1630 

1280 

lii88 

1000 

950 

1760 

1680 

1610 

1600 

1220 

1080 

11*58 

1000 

1660 

1610 

1620 

1590 

1020 

9i*0 

11*07 

ot», 
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OF 
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ELEFAmP  TEMPERATURE  SHEAR  DATA  -  STAINLESS  STEEL  3/2  HARD  .032* 


Tem^^atur* 

Ult.  Load 

Twparatura 

Ult.  Load 

Lbs. 

Areraga 

Lbs. 

Arerage 

RT 

2050 

2033 

600 

1315 

121*8 

2015 

91*5 

Ii*20 

100 

1210 

1295 

1310 

1380 

650 

1315 

1316 

150 

1105 

1213 

1320 

121*0 

1320 

• 

1310 

200 

1070 

1053 

1035 

700 

1370 

13U5 

1315 

250 

1025 

101*8 

1350 

1070 

131*5 

300 

990 

1028 

750 

1300 

1330 

900 

1310 

101*0 

1360 

■1100 

1350 

350 

960 

981 

800 

1360 

1270 

91*0 

1330 

1025 

1310 

1000 

1270 

Uoo 

960 

962 

650 

1250 

12^ 

955 

1300 

905 

131*5 

950 

1290 

1*50 

920 

101*6 

900 

1320 

1273 

935 

1255 

915 

1260 

11*15 

1255 

500 

1325 

1015 

950 

1200 

121*0 

915 

1230 

905 

1270 

915 

1260 

550 

090 

1010 

1000 

1265 

1253 

1300 

1255 

880 

1220 

090 

1270 

aa. 


I 


code: 
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ELEVATED  TEMPERATURE  SHEAR  DATA  -  STAINLESS  STEEL  1/2  HARD  .025" 


I 

1 

I 

I 

I 


Ten^rature 

Ult.  Load 
Lbs. 

Arerage 

RT 

1050 

1180 

1360 

1370 

1210 

1325 

12Ji9 

100 

1100 

1320 

1130 

1183 

ISO 

1000 

1320 

1060 

1126 

200 

10i40 

1200 

1050 

1097 

2S0 

980 

960 

1020 

987 

300 

920 

loUo 

930 

963 

350 

920 

990 

915 

920 

936 

Uoo 

890 

920 

lOtiO 

1020 

968 

liSo 

870 

860 

1000 

850 

■895 

500 

860 

880 

950 

950 

910 

Tenperatura 

Op 

Ult.  Load 
Lbs. 

Ararase 

550 

1000 

O  O  O 

973 

600 

965 

970 

890 

820 

899 

650 

950 

9U0 

920 

875 

921 

700 

885 

o  o  o 

86ii 

750 

830 

830 

780 

800 

810 

800 

935 

935 

825 

930 

90li 

850 

890 

890 

ISO 

810 

835 

900 

830 

820 

810 

800 

«15 

950 

ISO 

ISO 

760 

750 

753 

1000 

680 

700 

790 

785 

739 

COOKS 
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TENSILE  SHEAR  FATIGUE  TEST  1/2  HARD  STAINLESS  STm. 


Sheet 

Max.  Lbs. 

%  Max. 

Load  Lbs. 

CrolM 

.032*’ 

1937 

90 

171*3.0 

0 

70 

1355.9 

1000 

50 

968.5 

2000 

30 

581.1 

7000 

15 

290.6 

32,000 

10 

193.7 

311*, 000 

• 

o 

O 

3 

2U77 

90 

2229.3 

0 

70 

1733.9 

1000 

50 

1238.5 

1*000 

30 

71*3.1 

7000 

15 

371.55 

89,000 

10 

21*7.7 

315,000 

coot: 
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AGE 


u 


PULL  OUT  FATIGUE  TESTS  1/2  HARD  STAINLESS  STEEL 


Sheet 

Max.  Lbs. 

%  Max. 

Load  Lbs. 

Oyelea 

.02$*' 

710 

90 

639.0 

0 

70 

l*i*7.0 

0 

50 

355.0 

0 

30 

213.0 

2,000 

15 

100.0 

19,000 

10 

71.0 

61*,000 

5 

35.5 

2,537,000 

.032" 

780 

90 

702.0 

0 

70 

51*6.0 

1000 

50 

390.0 

1*000 

30 

23U.O 

20,000 

15 

117.0 

161*  ,000 

10 

78.0 

2,000,000 

.OliO" 

1030 

70 

721.0 

0 

50 

515.0 

1000 

30 

309.0 

27,500 

15 

15U.5 

65,000 

10 

103.0 

363,000 

5 

51.5 

2,000,000 

.050" 

171*5 

70 

1221.5 

0 

50 

872.5 

1000 

30 

523.5 

2000 

15 

261.75 

1*5,000 

10 

17l*.5 

88,000 

.062" 

1980 

70 

1386.0 

0 

50 

990.0 

0 

30 

57l*.0 

3000 

15 

287.0 

11*8,000 

10 

198.0 

155,000 

5 

99.0 

1,076,000 

.078" 

Ul50 

50 

2075.0 

0 

30 

121*5.0 

2000 

15 

622.5 

36,000 

10 

1*15.0 

167,000 

(No  Fracture) 


(No  Fracture) 


(No  Fracture) 


coot! 


MECHANICAL  PROPERTIES  OF  AISI  302  STAINLESS  STEEL  1. AG. 6. 11.1 


Tensile  Shear  S^peolmen 


U-iype  Tensile  PuU*Oit  and  Fatigue  l^oimen 


NOTES; 

1.  Four  3/8-16  NC  bolts  are  used  to  hold  assembly  together. 

2.  Bottom  of  Jig  opens  1/4”,  giving  over-ell  length  of  4-8/4”. 

3.  Material  *  4340. 


Adjustable  U-8eetion  Fatigue  Specimen  Jig 


Shear  Load  -  Pounds 


vJSO.uuaC^iL  PliOPSai'IES  OF  AISI  302  STAINLESS  STEEL 


coot! 


il 


jCODC: 


KECHAiaCAL  PROPERTIES  OF  AISI  302  STABiLESS  STEEL 


PAOE  -IS-  OF  -.22. 


ultimate  Load 


code: 


MiSCHANICAL  PROPERTIES  OF  AISI  302  STAINLESS  STEEL 


PA91 


1.A0.6.U.1 

JL  Of  JL 


1 

[■ 


Load  vs  Temperature  Properties  -  .  032  Spot  Welded  Sheet 


code; 


Ultimate  Load 


cook: 


MECHANICAL  PROPERTIES  OP  AISI  302  STAINLESS  STEEL 


1. AG. 6. 11.1 


PAse  — ±^or 


18  27 


3400 


3200 


3000 


2800 


2600 


2400 


2200 


2000 


200  400  600  800  1000 

Temperature  *  *F 


Load  V8  Temperature  Properties  -  .  050  4>ot  Welded  Sheet 


coots 


MECHANICAL  PROPERTIES  OP  AISI  302  STAINLESS  STEEL 


1.A0.6.U.1 

f AOC  OP  -£I- 


ultimate  Load 


CODE! 
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l.AO.6.11.1 
20  27 

PACE  OF  — ^ 


Temperature  -  *F 


Load  vs  Temperature  Properties  -  .  078  4>ot  Welded  Sheet 


CODC! 


MECHANICAL  PROPERTIES  QP  AISI  302  STAINLESS  STEEL 


l.A0.6.11.t 
PAG€  or  -2JL 


Pull-out  Fatigue.  Tests.  ^  HaU  Hard  Stainless  Steel  Spot- Welded  Sheet  -  Room  Temperature  Testa 


120 


pBoq  aiBuinia  % 


0tts0»Mjaa.§ts  Ksang^anM'rgtBm 


code; 
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Tensile  Shear  Fatigue  Test  -  .  032  Inch  Spot  Welded  Sheet  -  Room  Temperature 


2400 


MECHANICAL  PROPERTIES  OF  AISI  302  STAINLESS  STEEL 


(  ooe; 


l.A0,6,U.l 


120 


MECHANICAL  PROPERTIES  OF  AISI  302  STAINLESS  STEEL 


code: 


1,A0,6,11.1 


oaoe  .26  or  —21. 


] 

1 


s 

o 

>% 

o 


I 

I 

H 

.a 

8 

ai 


Q) 

ii 

CO 

•o 

I 

u 

o 

fi 


3 

CO 

0) 

H 

n 

cd 

cd 

4) 

CO 

*0) 

H 


I 

I 

T 
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MATERIAL  1  DENT  1 P 1  CAT  1  ON  (COML.) 

MATERIAL  STATUS 

Rene  *  ill 

Production 

HEAT  OR  BATCH  NUMBER 

FORM 

R^no,  R-121 

Sheet 

PROCESSING  CONDITION 

See  Data  Below 

OBJECT  OF  TEST 

To  Evaluate  Tungsten  Inert  Gas 

Fusion  Welds  in  Rene*  1|1 

RAC  DATA  REF. 

M.R.  Report  No#  58-90-1 

SPECIMEN  TYPE  Standard  Sheet  Motal  Tensile  and  Bend  Test  Specimens  Per  Federal  Test 

Method  Standard  No#  l^la^  dated  May  6,  19^9#  Elevated  TcmDcrature  Tensile  Tests 
_ Per  ART&-13T-1.  July.  19‘;7. _ _ _ 

TEST  METHOD:  Standard  Sheet  Metal  Tensile  Tests  and  Bend  Test  Specimens  Tested  in 
Accordance  With  Federal  Test  l^thod  Standard  No#  l5la,  dated  May  6,  1959# 
Elevated  Temperature  Tensile  Tests  in  Accordance  VJith  ARTC-13T-1,  July,  19^7. 


CHEMICAL  ANALYSIS  CF  SOLUTION  AIIIEALED  BA.SE  METAL 
_  AS  SUPPLIED  BY  PBODUCER  ’ 


.032 

Gage 


C 

.12 

14i 

.07 

Si 

.06 

Cr 

19.05 

Co 

11.03 

Mo 

9.79 

Ti 

3.17 

A1 

1.52 

Fe 

Ji8 

B 

.0030 

S 

.008 

Ni 

Bal. 

Heat  No# 

R^no 

.032 

.062  Dia, 
Welding 

Gage 

Wire 

.09 

J.0 

.07 

.07 

.07 

.05 

19.00 

19.0Q. 

11.00 

11.12 

9.80 

9.82 

3.23 

3.2ii 

1.58 

l.li9 

.30 

.30 

.0030 

.0037 

#008 

Bal# 

Bal# 

R^ia 

R-07lt 

'0tajBM.ac  aSi 


fjaraaanf 


properties  of  ieije»  la 


code: 


l.AG. 7.5.5 


2  8 

^ASE  -  OF  - 


PIirSICAL  PROPERTIES  OF.  SOLUTIOII  AIRJEALED  BASE  METAL 
AS  SUPPLIED  ::i  THE  PRODUCER 


.032  C-r.ge  »05?0  C-ane 

Yield  psi  75,700 

Ultimate  psi  1154,300 

•02^  Yield  psi  69,hOO 

%  Elong.  in  2”  30 

Hardness  RC  2? 

Heat  No,  R-110 


76,130 

11;7,600 

67,700 

35 

RC  26 
R-121 


PHYSICAL  PROPERTIES  OF  B.ASE  METAL  ITI  THE  ACrED  COIDITION 
AT  ROOM  A:nD  ECfACVATED  'lEMPrrD'/BJRES 


Aged/ll400*FA6  Hrs.  Elov,  Temp.  Tests-is- 

TTT.Q  'IT?  '  Vcf  .  -  ,-3  ^ 


^srs 

UTS 

/j  1  j  • 

i‘s 

'uTS 

■-  "  H - 

/>  Lim 

Gage 

ksi 

ksi 

in  2" 

ksi 

ksi 

in  2" 

CM 

O 

• 

ia.3 

192.3 

8.0 

129.2 

150.0 

9.0 

.032 

159.0 

193.2 

8.5 

1275; 

151.6 

10.5 

.032 

163.7 

200.0 

9.0 

135.1; 

166.5 

10.0 

.090 

ll|2.9 

188,0 

13.0 

123.1; 

160.8 

9.0 

.090 

3ii5.8 

1935; 

15.5 

131.8 

151;  .2 

9.5 

*  Elevated  Teit5)erature  Tests  V/ere  Conducted  At  lliOO*F  +  5*F  After 
Holding  Specimens  For  20  Minutes  At  Ten^rature.  " 


gBmt’Mjaa.ac  ca, 


nMnoiv 


I 


code: 
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WEID  Aim  STRETCH  TCIISILE  TEST  RESULTS 
.032  GAGE  (ROq-I  TElJER/iTURE) 


Qraln  Transverse  to  Len"1:h  of  Specimens 


Ultimate 

Yield 

Tensile 

Specimen 

% 

Strength 

Strength 

%  £. 

Location 

No. 

Stretch 

psi 

psi 

in  2" 

of  Fracture 

A-J; 

0 

133,600 

167,900 

3.5 

In  Wold 

A-13 

0 

li;2,300 

173,iiOO 

il.o 

In  Weld 

iU5 

5 

130,100 

165,100 

6.0 

In  Weld 

10 

123,800 

171,i|00 

5.5 

In  Tfeld 

A-8 

10 

iia,5oo 

172,300 

li.O 

In  Weld 

JUl? 

11 

137,800 

169,200 

I1.5 

Base  Metal 

A-12 

12 

128,800 

162,500 

3.5 

In  Weld 

A-10 

20 

iia,7oo 

171,700 

li.O 

In  Weld 

Grain  Parallel 

to  Length  of  Specimens 

A-n 

0 

ll;6,500 

176,700 

h.o 

In  Weld 

A-16  • 

0 

132,700 

157,100 

1.5 

In  Weld 

A-6 

U 

129,000 

157,100 

3.0 

In  Weld 

A-ll; 

$ 

lli5,600 

176,600 

6.0 

In  Weld 

A-9 

S 

lii0,000 

173,300 

5.0 

In  Weld 

A-1 

10 

139,300 

167,900 

a  .5 

In  Weld 

A.2 

10 

13ii,900 

171,600 

5.5 

In  W'eld 

A-7 

15 

ll;2,900 

169,700 

a.o 

In  ibid 

B-1 

•• 

99,UOO 

132,900 

1.0 

Edge  of  Wold 

B-2 

-- 

10^,600 

123,600 

1.0 

Edge  of  Weld 

3-3 

lli3,800  . 

163,100 

2.0 

Edge  of  ’.bid 

B-l; 

-  - 

127,200 

139,900 

2.0 

Edge  of  VJeld 

b-5 

- 

132,900 

I53,ii00 

1.0 

Edge  of  Weld 

B-6 

•• 

i4o,ooo 

161,900 

1.5 

Edge  of  Weld 

B-7 

- 

125,500 

137,300 

1.0 

Edge  of  Weld 

B— 8 

- 

ll;0,000 

163,100 

1.5 

Edge  of  Weld 

0-1 

a. 

ila,5oo 

171,1;00 

3.0 

Base  Metal 

C-2 

1.3i+,100 

172,600 

3.5 

Edge  of  V7e]d 

c-3 

- 

139,itOO 

172,700 

5.0 

In  Weld 

C4; 

138,200 

173,300 

a.o 

Edge  of  VJeld 

c-5 

A- 

155,000 

17li,l;00 

a.o 

In  Wold 

C— 6 

161,800 

17li,500 

5.5 

In  VJeld 

C-7 

• 

ila,2oo 

158,800 

3.0 

In  VJeld 

C-8 

- 

129,200 

169,600 

3.5 

In  VJeld 

(continued  on  next  pace) 


code: 

i.ag'.7.5.5 
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k  8 

f  A6C  -  OF  - 

KOTESt  !• 


All  specimens  were  welded  in  the  solution  annealed  condition* 


2*  Specimens  #A-1  through  A-l6  were  stretched  prior  to  welding 
to  simulate  a  formed  part*  Vfeld  reinforcement  was  removed* 

3*  All  specimens  were  *032  gage  Rene*  I4.I  sheet,  1-1^"  wide  x  8” 
long  prior  to  stretching* 

1;*  After  stretching  in  tensile  machine,  all  specimens  were 
sheared  at  center  of  8"  length  and  Joined  by  butt  welding* 

Percent  stretch  was  measured  between  both  1"  and  2"  gage  marks 
to  establish  average* 

6*  Specimens  jjfB-l  through  C-k  did  not  have  the  weld  reinforcement 
removed  in  order  to  check  notch  sensitivity* 

7*  Wold  reinforcement  was  removed  from  specimens  /A3-5  through  C-8* 
All  specimens  wre  re-solution  annealed  at  +  25*F,  air 

quenched  and  aged  at  ll;00*F  for  I6  hours  before  teablng* 


code: 

i.ag:7.5.5 

I'ECHAKICAL  PROEERTIES  OF  RENE«  la 

Specimen 

No* 

1®LD  TENSILE 

lEST  RESULTS 

*090  GAGE  (ROa'I  TEMPERATURE) 

Yield 

Strength 

psi 

Ultimata 

Tensile 

Strength 

psi 

%  Elong* 
in  2“ 

%  Elong* 
in  1/2" 

Location 
of  Fracture 

2-1 

136,800 

138,800 

3.3 

10*6 

In 

Vfeld 

2-2 

139,100 

149,300 

2*0 

8*0 

In 

Vfeld 

3 

129,900 

136,900 

3*3 

8*0 

Edge  of  Weld 

1;-1  ■ 

134,800 

160,200 

3.3 

10*0 

In 

Weld 

U-a 

138,800 

164,000 

4.3 

10,0 

In 

Weld 

U-3 

138,800 

163,300 

4.3 

10*0 

In 

VJeld 

20-1 

132,200 

■  161,700 

3*3 

10*0 

Edge  of  Weld 

20-2 

138,900 

163,300 

4*0 

12*0 

In 

VIeld 

21 

133,000 

161,700 

3*0 

10.0 

In 

VJeld 

22 

133,100 

164,100 

3*0 

10*0 

In 

Weld 

24-1 

137,900 

161,300 

3.0 

10*0 

In 

VJeld 

24-2 

133,300 

134,700 

3.3 

10*0 

In 

Weld 

2W 

139,200 

168,700 

7.0 

8*0 

In 

Weld 

3va 

139,200 

168,100 

3.0 

10*0 

In 

VIeld 

3VJ-2 

137,600 

164,700 

3.0 

10*0 

In 

VIeld 

4w-i 

133,400 

163,600 

6.3 

10*0 

In 

VIeld 

4w-2 

137,200 

163,100 

3.0 

8*0 

In 

Weld 

131^ 

131,400 

133,600 

3.0 

10*0 

In 

Vfeld 

i4w-i 

133,300 

134,300 

3.0 

10*0 

In 

Weld 

i4w-2 

136,200 

138,300 

4.0 

12*0 

In 

Vfeld 

21W 

139,800 

164,900 

3.0 

8*0 

In 

Weld 

22W 

137,300 

167,200 

6*3 

14*0 

In 

Vfeld 

24w 

132,800 

161,^00 

3.0 

02*0 

In 

Vfeld 

26W 

133,300 

137,700 

4.0 

6*0 

In 

Weld 

NOTES:  1*  All  specimens  were  -uolded  in  the  solution  annealed  condition* 

2*  Specimens  identified  by  the  letter  "W’'  were  re-solution  annealed 
at  1975*F  +  2$*  after  welding  and  water  quenched, 

3*  Specimens  without  the  identifying  letter  'W  were  re-solution 
annealed  at  1975*F  +  2$*F  after  welding  and  air  quenched* 

I4.*  All  specimens  irore  aged  at  liiOO^  for  16  hours  before  testing* 

5*  Weld  bead  was  removed  from  all  specimens* 


asaa, 


aaMraaam 
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WSID  TENSnE  TEST  ISSULTS  (ROa^  ffiMPERi>.T[JRE ) 


Condition  1*  Material  was  \rolded  in  the  197?*F  +  2$*F  solution  annealed 
condition*  I'feld  bead  vras  removed  and  specimens  were  tested 
with  no  subsequent  heat  treatment* 

Condition  2*  Material  was  welded  in  fully  heat  treated  and  aged  condition* 
(Solution  annealed  at  1975*1'  +  2$*Ff  •water  quenched,  and  aged 
at  li^00*F  for  16  hours*)  Wel^  bead  was  remo-ved  and  specimens 
were  tested  with  no  subsequent  heat  trea-ting* 

Condition  3*  Material  was  welded  in  the  1975*F  +  2^*F  solu'bion  annealed 
oondition*  Specimens  were  'then  ag^d  at  lliOO*F  for  l6  hours, 
weld  bead  was  removed,  and  specimens  were  tested* 


Condition  1 


Specimen 

No* 

Yield 

Streng'th 

psi-K- 

Ultima'te 

Tensile 

S'brength 

psi 

JS  Elong* 
in  2" 

^  Elong* 
in  l/2« 

Loca-tion 
of  Fracture 

1 

85,300 

139,100 

16*5 

22*0 

In  •weld 

2 

8U,800 

li|2,000 

20*5 

22*0 

Edge  of  weld 

3-1 

90,700 

110,700 

5.0 

10*0 

Defect  in  weld 

3-2 

87,800 

ll;0,800 

17.5 

26*0 

In  weld 

1; 

87,000 

12U,000 

8.5 

8*0 

In  weld 

5-1 

85,700 

1!5L,300 

21*0 

26*0 

In  weld 

5-2 

77,900 

iM6j000 

32*0 

li6*0 

Base  metal 

6-1 

87,800 

150,800 

23*5 

26*0 

In  v:eld 

6-2 

88,1;00 

151,100 

21*0 

2ii*0 

In  weld 

8 

86,000 

135,900 

3i;*5 

20*0 

In  weld 

2l| 

83,300 

U8,70O 

26*0 

26*0 

In  •weld 

Condition  2 

12-1 

See  notes 

38,300 

1*0 

U*o 

See  notes 

12-2 

See  notes 

71,U00 

1*0 

li*0 

See  notes 

12-3 

102,500 

118,300 

2*5 

10*0 

See  no'tes 

12-li 

See  no'tes 

53,300 

0*5 

2*0 

See  no'tes 

12-5 

See  no'tes 

60,100 

0*5 

2*0 

See  notes 

32-6 

See  notes 

62,100 

0*5 

2*0 

See  no'tes 

32-7 

108,500 

lii6,600 

5.0 

16*0 

In  •weld 

15-1 

110,U00 

153,600 

6*0 

2li*0 

In  weld 

35-2 

10l|,000 

li;0,200 

li*0 

ll;*0 

In  weld 

15-3 

105,800 

ll|8,l;00 

6*0 

20*0 

In  weld 

15-i; 

103,800 

ll;U,200 

i;*5 

18.0 

In  weld 

15-5 

10li,700 

130,600 

3.0 

li;.0 

In  'weld 

15-6 

102,700 

lii8,800 

6*0 

22.0 

In  weld 

cag9t"anjn-Boiv 
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la 


i.ag.7.5.5 


f  AGE  or 
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T^SLD  TENSIIE  test  results  (ROOM  TEMPERATURE)  -  cont»d 


Condition  3 


Specimen 

No. 

Yield 

Strength 

psi-«- 

Ul-bimate 

Tensile 

Strength 

psi 

lA-1 

131,500 

169,900 

lA-2 

ll;9,800 

185,200 

2A 

ll;6,300 

159,500 

3A 

139,500 

160,500 

llA 

136,1;00 

159,100 

6A 

ll;0,100 

170,800 

lU 

125,700 

176,500 

2QA 

137,000 

169,800 

21A 

1W|,500 

176,600 

22A 

iia,2oo 

170,600 

2l(A 

132,200 

161,500 

%  Elong. 
in  2" 

%  Elong. 
in  1/2" 

Location 
of  Fracture 

5.0 

m.o 

In  xjeld 

7.0 

lil.O 

In  •tjeld 

3.0 

8.0 

In  weld 

3.5 

8.0 

In  -weld 

3.5 

10.0 

In  weld 

6.0 

12.0 

In  ■v/eld 

8.5 

16.0 

In  vreld 

6.5 

lU.O 

In  •vjeld 

6.5 

10.0 

In  weld 

6.0 

10.0 

In  weld 

1:.0 

8.0 

In  weld 

<1^  Extensometer  yield,  OtZ%  offset,  2  inch  gage. 


NOTES:  1*  Specimens  No.  12-1,  12-2,  12-1;,  12-5  and  12-6  had  gross 

defects  in  •the  •welds.  Specimen  No.  12-3  had  a  slight  defect 
in  "the  •weld.  Specimen  12-7  had  no  defect  in  the  •weld.  All 
specin^ns  iden^tified  with  prefix  12  ■were  cut  from  •the  same 
butt  welded  pla^te.  Because  of  gross  defects  in  welds,  no 
yield  limit  could  be  ascertained. 

2.  Elongaticti  in  1/2"  •was  measured  in  area  of  fracture  of  test 
piece. 
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JECHANIOAL  PROFERTIES  OF  RENE«  liL 

6  6 
eA6E  — _ or _ z. 

GUIDED  BEI3D  TEST  RESULTS 


Specimen 

No. 


2 

3 

h 

5 


Type 

Specimen 

Welded 

Welded 

Welded 

Welded 

Welded 


Angle 
of  Bend 

30* 

50“ 

27“ 

85“ 

60“ 


Remarks 

Failed  in  wld  -  failure 

started  at  edge  of  test  piece 

Failed  in  weld 

Failed  in  wold 

Failed  in  weld 

Failed  in  vjeld 


10 

20 

$C 

60 


Base  metal 

135“ 

No  evidence 

of 

cracks 

Base  metal 

ll;0“ 

No  evidence 

of 

cracks 

Base  metal 

lii5“ 

No  evidence 

of 

cracks 

Base  metal 

3J;5“ 

No  evidence 

of 

cracks 

Base  metal 

135“ 

No  evidence 

of 

cracks 

Base  metal 

3JiO“ 

No  evidence 

of 

cracks 

NOlESt  1.  All  specimens  were  bent  over  a  5  T  radius.  Actual  ram 

dimension  was  .980  and  the  thickness  of  the  specimens  was 

aoo". 

2*  The  control  specimens  (base  metal)  were  bent  beyond  the  105* 
angle  to  see  if  cracking  could  be  initiated,  but  no  evidence 
of  cracking  was  found  at  an^es  up  to  lii5*« 

3*  AH  specimens  were  in  the  1975*F  +  25*F  solution  annealed 
conditlcn,  re-solution  annealed  a7ter  welding  at  1975*F  + 
25*F,  water  quenched,  and  aged  at  lU00*F  for  16  hours.  ** 
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MBCHANIGAL  FROmiTIES  (F  RENE*  la 

PAGE  _ i;-  OF 

MATERIAL  1  DENT  I FICATI ON  IcOML.I 

MATERIAL  STATUS 

Rene*  la 

Production 

NEAT  OR  OATCH  NUMBER 

luno 

FORM 

•O32  Sheet 

PROCESSING  CONOITION 

See  Data  Below 

OBJECT  OF  TEST 

To  Evaluate  Resistance  Spot  Welding 
of  Rene*  la 

RAC  OATA  REF. 

ESR  61-230 

M.R.  Report  No*  58-102-1 

sptciMEN  TYPE  gpQ^  Shear  Specimens  Per  MII^-6858A,  dated  9  July  1957»  TeMlon 

Pullout  Specimens  Per  MIL  -W4t99U>  dated  28  October  1955  or  Equivalent* 


TEST  METHOD: 


Single  l^ot  Shear  Specimens  and  Tension  Pullout  Specimens  Were  Tested 
in  Accordance  With  MIWir-6858A,  dated  9  Jbly  1957,  and  MII^W-U99U,'  dated  28 
October  1955,  respectively* 


C  Ifa 
•12  *07 


CHEMICAL  ANALYSIS  AS  SUPPLIED  BY  HtODUCER 
Si  Cr  Co  Mb  11  A1  Fe  B  S  m 

•06  19.05  11.05  9*79  3.17  1*52  *18  *005  .008  Bal* 

IBMSIIE  SHEAR  AND  lENSIOK  FULL  OUT  VALUES  (LBS) 

VCLDED  IN  SOLUTION  HEAT  TREATED  CONDITICN* 


Tensile 

Strength  Ih 

Shear  Strength 

Tension 

1780 

1760 

938 

1820 

1790 

880 

1750 

1780 

901; 

1780 

I81t0 

801; 

17U0 

1810 

1120 

1800 

1810 

822 

1760 

1830 

766 

1810 

1810 

968 

1750 

1790 

812 

1760 

1810 

968 

1789  Average 

898 

(continued  on  next  page) 
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MECHANICAL  HIOIERTIES  OF  RENE*  la 


MIL4IU6858A  Requirements  t 


Shear  MLn*  Avg.  Ib/veld  -  1260 

Tension  Min.  Avg.  Ib/weld  -  320  (Z$%  x  1280) 

Shear  Teat  Variation  -  (Required  #25  max.) 


Actual  LuctUl^  -  ■  JO-** 


Sp,ci^lctlc„  DuctUliy  -  *  100  -  7<# 


«  Solution  Heat  Treated  Condltlont  1950*F  -  water  quenched. 
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coot: 

I.AO.7.5.6 

H5C91ANIGAL  PROPERTIES  OF'  RENE* 

PAOl  _ ^  OF  — 

TENSUB  SHEAR  AND  TENSION  PULL  OUT  VALUES  (LBS) 
WELDED  IN  THE  AGED  CCKDinON* _ 


Tensile 

Strength  In 

Shear  Strength 

Tension 

1868 

19h2 

820 

1838 

193h 

920 

1837 

19U2 

861; 

1838 

19U0 

912 

19?8 

1938 

981; 

1938 

19U2 

750 

19l;0 

1938 

928 

19li0 

1922 

890 

19l|2 

1938 

721; 

19lt6 

1936 

912 

1921 

878 

HZLi4f-68$8A  Requirements  t 

Shear  Min#  Avg*  Ib/wsld  -  1280 

Teneion  MLn*  Avg*  Ib/mld  -  320  (2$f  x  1280) 


Shear  Test  Variation  -  (Required  .25  max.) 


.  .  _  _  Actual  Avg.  Tension  Strength  ■  878  ^ 

Astual  Duotill'^  -  Actual  Avg.  Shear  btrengtn  I52X  *  h5»T% 


.  ^  .  Actual  Avg.  Tension  Strength  -  878  „  ^ 

SpeclUoatlon  Ductility  -  Min.  Spec!  Shbar -  3OT  *  *  76^ 


1 


I 

I 

T 


*  Aged  Condition:  lU00*F  -  16  Hours 


CODll 

1.A0,7.5.6 

WCHANICAL  PROPERTIES  CF  RENE*  lil 

eAGC  -k —  or  — d. 

TENSILE  SHEAR  AND  TENSION  PULL  CUT  VALUES  (LDS) 
mrT.mn  in  THE  SOLUTION  HEAT  TREATED  CONDITION  AND  AGEIW  AFTER  VEUnNG 


Tensile 

Strength  In 

Shear  Strength 

Tension 

1530 

U60 

1600 

180 

1220 

190 

l!i20 

loo 

1580 

580 

1600 

l60 

1680 

120 

1380 

180 

1800 

120 

lljOO 

Ho 

1521  Average 

163 

HIM4^658A  Requirements  s 

Shear  Min*  Avg*  Ib/mld  -  1280 

Tension  Min.  Avg.  ^-weld  -  320  (2$%  x  1280) 


Shear  Test  Variation  -  max.) 

.  .  -  «  Actual  krg.  Tension  Strength  •  U63  ^  inn  .  ^nJ.< 

Actud.  Ductnity  -  Actual  Avg.’Shear  StxcngtR  ICT  ^ 


_  ....  Actual  Avg*  Tbnslon  Strength  ■  .  inn  . 

Specification  DuotUlly  -  JHn.  Spec.  Avg*  Uhear  TZm  *  ^00  36% 


*  Aged  Condition*  lU00*P  -  l6  Hours 


coot: 

I.AO.7.5.6 

MECHANICAL  FRQPERIIES  OF  RENE*  la 

PAGE  S _  OF 

lENSIIB  SHEAR  AND  TENSION  PULLOUT  VALUES  (LBS) 
WEIJ3ED  IN  THE  SOLUTION  HEAT  TREATED  CONDITION, 
RESOLUTION  HEAT  TREATED  AND  AGED»  AFTER.  WELDING 


Tensile 

Shear  Strength 

Strength  In 
Tension 

17U0 

1700 

356 

1780 

I6li0 

39U 

17Ut 

.  16L6 

i;06 

1688 

1596 

li02 

1812 

1782 

390 

1728 

1770 

li2U 

1772 

1576 

1710  A-verage 

395 

I{IL>4i^858A  Rsqulrenents : 

Shear  Min.  Ub/ueld  -  1280 

Tension  Min.  Ib/weld  -  320  (25%  x  1280) 

Shear  Test  Variation  -  "  Jl3  (Required  .25  Max.) 


X 100  -  23^ 

sp.,m=.u«.  ^,tmty  .  ‘ 


*  Resolution  Heat  ^eat  (1P$0*F  -  Vlater  Quench),  Aged  (lliOO*F  -  16  Hoars) 


COOtt 

1.A0.7.$.6 

MECHANICAL  FROIERTIES  OF  RENE*  la 

PASE  Jk _  OP  Jk _ 

mSILB  SHEAR  STRENQIR  (LBS) 
AT  EIEVA!ISD  lEMIERATURE* 


Tensile 

Tbst 

Shear  Strength 

Tenperature  ^ 

1760 

1000 

1855 

1000 

2080 

1000 

1835 

1200 

1650 

1200 

1620 

1200 

1125 

lltOO 

1335 

lliOO 

12l;5 

lUoo 

725 

1600 

720 

1600 

850 

1600 

570 

1800 

575 

1800 

595 

1800 

265 

2000 

290 

2000 

280 

2000 

*  S3q)08ux«  Tlm»  30  Minates 
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MECHANICAL  PROPERTIES  OF  RENe'41 

code: 

l.A.7.5.7 

PAGE  ^  OF  ® 

MATERIAL  IDENTIFICATION  ( COML . 1 

Rene' 41 

MATERIAL  STATUS 

Production 

HEAT  OR  BATCH  NUMBER 

Unavailable 

FORM 

Sheet 

PROCESSING  CONDITION 

Solid  Treated  1975  OF  W.  Q. ,  and  Aged  1400<F/ 16  hours. 

OBJECT  OF  TEST 

Determine  mechanical  properties 
at  elevated  temperature. 

RAC  DATA  REF. 

RAC  unpublished  data 

SPECIMEN  TYPE 

Tension  Sc  stress  rupture  -  STD  .500  wide  sheet  spec,  as  per  ARTC-13-T 
June  1959*  Compression  -  3  x  ,8  sheet  specimen. 


TEST  METHOD: 

Tension  compression  Sc  stress  rupture  tests  as  per  ARTC-13  J\me  1959* 


mMWnami 


CODE : 

l.A.7.5.7 


PA6C  -2 _  OF  ..  S 


RENe'41 


TENSILE  PROPERTIES  VERSUS  TEMPERATURE  (1/2  HOUR  SOAK) 


0.050  SHEET  -  TRANSVERSE  SHEET 


rest  Temp. 

Ultimate 

.  2%  Yield 

Elong. 

(OF) 

(ksd) 

(ksi) 

(%  in  2”) 

Remarks 

75 

204 

158 

15.5 

75 

203 

145 

23.0 

NIMT 

75 

204 

146 

25.0 

900 

179 

138 

21.0 

900 

180 

138 

16.5 

NIMT 

900 

180 

137 

25.0 

1200 

172 

131 

6.  5 

BAGM 

1200 

168 

130 

7.0 

BAGM 

1200 

167 

134 

^.5 

BAGM 

1400 

130 

117 

2.0 

BOGL 

1400 

140 

120 

3.5 

BOGL 

1400 

142 

118 

3.0 

1500 

119 

109 

4.0 

1500 

117 

113 

3.5 

BOGL 

1500 

115 

106 

3.0 

BOGL 

1600 

90 

83 

4.0 

BOGL 

1600 

89 

83 

5.0 

BOGL 

1600 

85 

* 

4.5 

BOGL 

1700 

47.5 

43.0 

3.5 

BOGL 

1700 

50.  5 

47.5 

4.0 

BOGL 

1700 

54.0 

53.0 

3.5 

iSOGL 

1800 

28.2 

27.8 

3.0 

BOGL 

1800 

24.8 

24.  5 

3.5 

BOGL 

1800 

25.7 

24.4 

5.5 

BOGL 

*  Recorder  malfunctioned 

NIMT  Failure  not  in  the  middle  third  of  gage  length 

BAGM  Broke  at  the  gage  mark  (IZOOPF  specimens  had  gage  marks  scribed  on) 
BOGL  Broke  outside  of  gage  length  (on  upper  side  of  specimen} 


1 


coDt: 

l.A.7.  5.7 


PAoe  — 1 or  5 


RENe'41 


EFFECTS  OF  STRAIN  ON  TENSILE  PROPERTIES  VERSUS  TEMPERATURE  (1/2  HR.  SOAK) 

.  050  SHEET  -  TRANSVERSE  TESTS 


Test  Temp. 
(OF) 

Prior 

Strain 

(%) 

Ultimate 

(ksi) 

75 

10 

215 

75 

10 

219 

75 

20 

223 

75 

20 

228 

1200 

10 

194 

1200 

10 

196 

1200 

20 

211 

1200 

20 

211 

1500 

10 

124 

1500 

10 

101 

1500 

20 

102 

1500 

20 

101 

1800 

10 

24.6 

1800 

10 

28.8 

1800 

20 

22.6 

1800 

20 

22.4 

2%  Yield 

Elongation 

(ksi) 

%  in  2" 

Remarks 

185 

16.5 

191 

15.5 

199 

12.5 

200 

10.5 

163 

11.5 

167 

- 

Grip  Failed 

184 

4.0 

BAGlvi 

181 

6.5 

BAGM 

* 

.. 

Grip  Failed 

87.0 

3.0 

BOGL 

90.5 

3.0 

BOGL 

92.5 

3.5 

BOGL 

18.6 

5.0 

BOGL 

21.  3 

5.5 

BOGL 

18.9 

6.0 

BOGL 

18.0 

- 

Grip  Failed 

*  Recorder  malfunctioned 

NOTE:  Grip  end  of  all  specimens  were  inadvertently  undercut 
during  manufacture.  Three  of  these  failed  at  grip. 
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l.A.  ?•  5.7 


AOC 


RENE^41 

COMPRESSION  PROPERTIES  AT  ROOM  TEMPERATURE 
STRAINED  AND  UN -STRAINED  SPECIMENS 
.  050  SHEET 


Grain  ♦ 
Direction 

Pre-Age  ** 

-  Strain  (%) 

.  2% 

Yield 

(ksi) 

Modulus 
psi  10^ 

*^5 

;ans. 

None 

169 

32.6 

\ 

i 

163 

31.2 

i 

168 

Long. 

163 

32.6 

159 

32.7 

1 

\ 

\ 

165 

30.6 

T  rans. 

10 

214 

} 

10 

198 

32.8 

20 

232 

32.  6 

i 

20 

224 

31.5 

*  Trans.  -  Grain  transverse  to  test  direction 
Long.  -  Grain  in  same  direction  of  test 

**  Strained  in  tension  in  the  same  direction  as  tested. . 


RENE  41  SHEET 


STRESS  -  TO  -  RUPTURE 


Nomixial  Gage 
(inches) 


Test  Temp. 

^F) 

1400 

1400 

1400 

1400 


Stress  Time  to  Rupture 

(ksi)  (hours) _ 

60  1.7 

60  5.2 

50  31.7 

35  245.  1 

35  6.2 

30  39. 7 

25  57.4 

24  78. 7 

18  383.6 


Elongation 
at  Failure 
(%  in  2") 

Grip  Failure 
Grip  Failure 
2.0 
4.5 

2.2 

6.0 

8.0 

5.0 

11.5 


5.5 
23.0 
66.  1 
204.  2 


5.0 

9.5 

11.5 

11.0 


.020 
.070 
.  .070 
.070 


27.2 

12.6 

54.3 
189 


22.5 

22.0 

24.0. 

26.0 
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MECHANICAL  PROPERTIES  OF  "K"  MONEL 

code; 

l.A.7.7.1 

1  7 

PAGE  OF 

MATERIAL  IDENTIFICATION  ( COML . 1 

MATER lAU  STATUS 

"K"  Monel 

Production 

HEAT  OR  BATCH  NUMBER 

FORM 

Unavailable 

Sheet 

PROCESSING  CONDITION 


See  below 

OBJECT  OF  TEST  I  RAC  DATA  REP. 

Determine  effects  of  variations  ESRMR  18$  dated  September  1$,  I960 

in  heat  treatment* 

SPECIMEN  TYPE 

As  per  Fed.  Test  Std.  No.  l5la  Method  2II.I5  May  1959 
TEST  METHOD: 


As  per  Fed.  Test  Method  Std.  No.  iSla  Method  211.1  dated  6  May  1959* 


The  investigation  was  accomplished  to  determine  to  what  eoctent  the  properties 
of  "K”  Monel  sheet  would  be  affected  by  deviation  from  I6  hours  at  1090°F  heat 
treatment  cycle.  Specimens  tested  were  aged  for  8  and  16  hours  at  lOUO^y  1090^y 
and  lll|0°F.  Cooling  rates  were  also  varied,  where  indicated,  as  per  accompanying 
tables  and  figures*  The  effect  of  this  altered  cooling  rate  was  adjusted  to  make 
it  compatible  with  an  8  hour  day  and  to  require  minimum  furnace  attention. 


code: 


JffiCHANICAL  PROPERTIES  OF  "K"  MONEL 


l.A.7.7.1 


PAGE 


OF 


'»K''  Monel 


Tensile  Strength  Versus  Pre-Aging  Strain 
Longitudinal  Tests  -  .01^0  Sheet-1090°F  Age 


Age  Time 

Pres train 

Ultimate 

.2%  Yield 

Elong. 

Hrs. 

(ksl) 

(ksl) 

{%  in  2") 

16 

None 

151 

106 

24.0 

16 

None 

11:9 

104 

24/0 

16 

5 

151 

108 

23.5 

16 

5 

155 

111 

23.0 

16 

10 

158 

116 

20.0’ 

16 

10 

159 

117 

20.0 

16 

15 

165 

127 

17.0 

16 

15 

I6h 

126 

17.5 

8 

None 

159 

105 

23.0 

6 

None 

151: 

104 

24.0 

8 

5 

157 

112 

23.0 

8 

5  • 

155 

111 

22.5 

8 

10 

159 

120 

20.0 

8 

10 

160 

122 

19.5 

8 

15 

163 

132 

17.0 

8 

IS 

165 

134 

18.0 

NOTE!  Cooling  rate  from  aging  temp,  as  per  Page  7 
QQ-N-286  requirements  are:  130  ksl,  tsu  and 
90  ksl,  tys  with  1S%  elongation. 


CODE: 


MECHANICAL  PROPERTIES  OF  "K"  MONEL 


f  AGE 


l.A.7.7.1 


Monel 

Tensile  Strength  Versus  Aging  Temperature 
Longitudinal  Tests  -  .OUO  Sheet 


Aging  Temp. 

Aging  Time 

Ultimate 

.258  Yield 

Elong. 

(OF) 

(Hrs.) 

(ksl) 

(ksl) 

i%  in  2") 

lOhO 

8 

138 

90.5 

32.0 

lOhO 

8 

136 

89.0 

332.0 

lOhO 

16 

lli3 

97.5 

30.0 

lOhO 

16 

145 

99.0 

28.0  ■ 

1090 

8 

151 

104 

27.0 

1090 

8 

153 

108 

24.5 

1090 

16 

153 

109 

25.5 

1090 

16 

155 

112 

23.5 

niiO 

8 

151 

106 

20.5 

llilO 

8 

153 

in 

22.0 

111*0 

16 

151 

I07 

22.0 

111*0 

16 

149 

104 

22.0 

NOTE:  Cooling  rate  from  aging  temp,  as  per  Page  7 

QQ-N-2d6  requirements  are  130  ksl,  uts  and 
90  ksl  tys  with  2S%  elongation. 
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MECHANICAL  HIOPERTIES  OF  "K"  MONEL 


eooc! 


l.A.7.7.1 


f»Aae  —it—  OP  — L 


"K"  Monel  (.OUO  Sheet) 
Strengths  of  Formed  and  Aged  Parts 


Ultimate 

.2$ 

Eloni 

Yield  (ksi) 

i%  in  2" 

155 

122 

18.0 

157 

no 

20.5 

155 

107 

20.0 

157 

113 

18.0 

162 

n2 

20.0 

156 

n? 

18.5 

15U 

109 

20.0 

155 

n2 

18.5 

15U 

111 

19.0 

157 

113 

19.0 

NOTE:  These  specimens  were  cut  from  a  canopy  part  made  In 
the  production  shop  on  production  tooling  and  heat 
treated  with  production  equipment. 

'jhe  'a  ,e  section  of  thiese  opeciitiens  was  so  arranged 
as  uo  fall  on  wiiat  api/aarnu  to  the  more  severely 
’.;orked  areas  of  the  part. 


Elongation  (%  in  2") 


CODE  : 
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MECHANICAL  PROPERTIES  OF  "K"  MONEL 
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(Prior  to  Aging  Cycle) 


Room  Temperature  Strength  vs.  Strain  -  Transverse  Specimens 


caa»i 


Stress  (KSI) 
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"K”  Monel  -  Mechanical  Properties  vs.  Aging  Temperature 


Aging  Temperature 
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Cooling  Rate  for  Aging  ’’K"  Monel 


mOFERTIES  OP  EUSCTROFORMED  NICKEL 


I.A. 7.9.1 


MATKRIAL  IDENTIFICATION  ( COML . I 

Eleetroformed  Nlelnl 


MATERIAL  STATUS 

Ejcperinental 


RAOC 


Of 


NEAT  OR  BATCH  NUMBER 

Unavailable 


FORM 

Sheet 


RROCESSINO  CONDITION 

As  Depoaited 


OBJECT  OF  TEST 

To  determine  tensile  properties  of 
eleetroformed  nickel. 


RAC  OATA  REF. 


ERMR  U7U$  dated  February  3»  1959  plus  addendum  I, 
April  2,  1959  end  Addendum  II  April  9,  1959. 


BFECIMEN  TYPE 


See  below 
TEST  METWOD: 

Four  samples  of  eleetroformed  nickel  sheet  were  submitted  for  evaluation.  These  sheets, 
idiich  were  obtained  frem  Electroforms,  Inc.  of  Connecticut,  were  of  the  following 
dimensions  t 


Designation 

Length 

Inches 

Width 

Inches 

Nominal 

Thickness 

Inches 

A 

14 

1-1/2 

0.025-0.028 

B 

13 

1-3/4 

0.028-0.030 

C 

9-1/2 

8-1/2 

0.008-0.010 

D 

lo-vii 

9-1/4 

0.010-0.015 

Subsise  tensile  speolmens  3  in*  long  with  a  gage  section  0.250  in.  by  1  la.  vere 
machined  from  the  Mterlal.  Speolmens  from  both  longitudinal  and  transverse  dlreotlons 
were  cut  from  sheets  C  and  D.  Testing  was  performed  at  room  temperature  on  the  Baldwin 
60,000  lb.  machine.  Ultimate  load  and  elongation  to  failure  data  were  recorded^  and 
are  Indicated  on  an  accompanying  table. 

Three  standard  flat  tensile  specimens  were  machined  from  sheet  D,  and  tested  in  the 
60,000  lb.  Baldwin  machine.  Modulus  determinations  were  made  from  the  recorded  load- 
strain  curves.  Data  are  presented  below t 


Spec.  No. 

Thickness  -  in. 

E-  lO^psi 

UTS  pel. 

%  Along,  in  2” 

Ml 

0.016 

29.9 

90,000 

7.0 

M2 

0.013 

29.0 

99,«00 

7.5. 

M3 

0.012 

22.7 

87,800 

7.0 

coot! 

l.A.7.9.1 


lltOFBtTIIS  or  SLBCIROFORMED  NICKEL 


Pk9t 


Also  tostod  (under  Addendum  1)  were  epeolmene  obtained  from  Allied  Reeeareh  and 
Engineering  Company.  The  material  was  s\;^lled  as  longitudinal  strip  sections, 

0.05  inch  thick,  cut  from  a  large  electrofomed  cylinder.  The  effect  of  the 
currature  was  deemed  negligible  and  standard  sheet  tensile  specimens  were  prepared. 

Because  of  some  difficulty  in  exactly  determining  the  elastic  modulus  of  the  material, 
two.  additional  specimens  were  prepared  using  SRii  paper  strain  gages  to  obtain  the 
elastic  data. 

Wie  results  of  the  series  of  testa  are  also  presented  in  an  accompanying  table,  with 
speeimono  iiumi.or''d  1  i,o  6.  ,  ' 

Under  addendum  II,  four  additional  specimens  again  from  Allied  Research  Ehglneerlng 
were  tested.  This  material  was  supplied  as  flat  sheet  0.025"  thick.  The  data  ob» 
tained  therefrom  are  shown  In  the  acconQ>anylng  table  as  specimen  numbers  7  to  10. 


FROPBITIES  OF  ELECTRGPORNED  NICKEL 


code: 


l.A.7.9.1 


PAGE  — _  OP  _ _ k. 


Rocm  TWg)T>tttre  Tensile  D>t*  For  Electroformad  HIcIcgI  Sheet 


Thickness 

%  Elong* 

Spec.  No* 

Inch 

UTS  (psi) 

in  1/2  inch 

A1 

0.0252 

91,000 

20 

A2 

0*0250 

9U,600 

16 

A3 

0*0250 

93,200 

18 

hk 

0*0290 

8U,000 

14 

1 

A5 

0.0255 

91,400 

16 

1 

AVERAGE 

90,800 

17 

1 

t 

B1 

0*0260 

90,000 

16 

B2 

0*0265 

92,500 

22 

T 

B3 

0*0270 

89,700 

21 

i 

BL 

0*0290 

85,700 

21 

B5 

0*0215 

91,800 

17 

— 

t 

i 

AVERAGE 

89,900 

19 

C1L» 

0.0100 

104,000 

« 

C2L 

0.0110 

105,000 

7 

-  * 

C3L 

0.0100 

97,500 

6 

CLL 

0*0125 

87,500 

8 

» 

1 

( 

c5l 

0*0100 

82,300 

- 

AVERAGE 

95,500 

7 

I' 

CLTe* 

0*0092 

107,000 

8 

-  - 

C2T 

0*0091 

106,000 

.8 

C3T 

0*0085 

107,000 

. 

j 

CUT 

0*0095 

106,000 

12 

1 

C5T 

0*0079 

106,000 

9 

7  * 

1 

AVERAGE 

106,000 

9 

1 

BIL 

0.0130 

98,500 

D2L 

0*0155 

90,000 

11 

I 

03L 

0*0165 

97,500 

lo 

1 

bUl 

0.0170 

91,500 

8 

D$L 

0*0170 

102,000 

10 

r 

\ 

AVHIAOE 

95,900 

10 

DIT 

0*0132 

98,800 

10 

i' 

D2T 

• 

- 

- 

i)3T 

0.0200 

81,100 

16 

DUT 

• 

- 

• 

r 

i 

D5T 

0.0160 

112,800 

- 

1 

AVERAGE 

97,600 

•  SpeeiiBGns  cut  in  longitudinal  direction 
e#  Specimens  cut  in  transverse  direction 
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PROPERTIES  OP  ELECTROPORMED  NICKEL 
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I.A. 7.9.1 


f  Aoe 
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Mechanic^  Proper^  Data  for  Electrolytic  Nickel 
(Allied  kesearch  and  ^g^g.  Cmpany^ 


Speoiaen 

Ult.  Tens. 
Str.  psl 

Held  Stress 

0.2^  Offset 
psl 

Percent 
Elongation 
In  2  Inches 

1 

103,000 

90,600 

13*0 

2 

U0,000 

95,000 

10.0 

3 

111,000 

100,000 

11.0 

U 

103,000 

95,000 

lU.O 

5 

E  X  lO-^pai 
— 

Elastic  Nockilus  Data 

6 

30.0 

0.2Jt  Held 

Ult.  Tensile 

%  Elong. 

Speclnen 

Strength 

Strength 

In  2  Inches 

7 

12li,000 

131,000  psl 

1.5 

8 

118,000 

6.0 

9 

138,000 

1.5 

10 

133,000 

137,000 

0 

« 

Data  not  obtained. 

'ajmM.ta  tsa. 


code:* 

MECHANICAL  PROPERTIES  OF  STRETCHED  PLEXIGLAS  $$ 

l.BF.12,1.1 

MATERIAL  IDENTIFICATION  I COML . 1 

Stretched  Plexiglas  55  and 

Composite  (see  data  below) 

MATERIAL  STATUS 

Production 

HEAT  OR  BATCH  NUMBER 

FORM 

Unavailable 

Sheet 

PROCESSING  CONDITION 

Not ' Applicable 

OBJECT  OF  TEST  Determine  bearing  strength 
and  fatigue  characteristics  of  several 
transparent  materials 

RAC  DATA  REF. 

ERI'IR  U772  dated  Feb.  20, 

1959 

SPECIMEN  TYPE 


See  data  below 


TEST  METHOD: 

Three  materials  were  tested; 

1)  Stretched  Plexiglas  55  0.25  sheet 

2)  SN-10  Nylon-Acrylic  Laminate  -  0.25  inches  thick  (11  plies) 

3)  Composite  material  -  0.25  Stretched  Plexiglas  bordered  on  front  and  back 
by  3  ply  SN-10  Nylon-Acrylic  Laminate  (resin  content  $8,2%)  bonded  on  with 
SU7-AX  cement. 

BEARING  TESTS 

The  test  specimens  employed  for  these  tests  are  illustrated  on  page  2.  These 
specimens  were  prepared  twice  scale  of  Fed.  Spec.  L-P-U06  Method  105l.  Method  105l 
of  Federal  Spec.  L-P-U06  is  limited  to  evaluaUng  .125  stock.  The  bearing  tests  .:orc 
conducted  at  -65oF,  room  temperature,  and  200°F  in  accordance  with  the  requirements 
of  Fed.  Spec.  L-?-li06  Method  105l.  Bearing  deformation  was  not  recorded  at  -65°F. 

FATIGUE  TESTS 

All  fatigue  bearing  specimens  were  cut  into  the  configuration  illustrated  by  the 
composite  material  specimen  on  page  3.  In  addition  to  the  hole  edge  distance  of 
1.375"  (e/D  -  $,$)  shown,  a  number  of  specimens  were  fatigued  with  an  edge  distance 
of  $/8"  (e/D  -  2.5).  The  fatigue  testing  was  conducted  at  room  temperature  with  a 
cycling  rate  of  I8OO  cpm  and  a  stress  ratio  R  ■  .167. 


250 


CODE: 


99m^uma.ta  cam^anMTraani 
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MECHANICAL  PROPERTIES  OF  STRETCHED  PLEXIGLAS 


55 


PAGE 


l.BF.12.1.1 


h 


or 


ROOM  TJiMPERATURE  BEARING  STRENGTH 


Specimen  t  Bearing  Stress  At  ■  Ultimate 

No,  (in.)  Area  (in. h%  E.  (PSI)  Stress  (PSI) 

Stretched  Plexiglas  $$ 


B1 

03 

CM 

• 

,062 

20,300 

32,250 

B2 

.2U8 

.062 

16,200 

37, Uoo 

B3 

.2U7 

.062 

20,100 

36,000 

Bh 

.2U6 

.062 

17,700 

3U,U00 

B5 

.2U6 

.062 

15,300 

38,000 

Average 

17,920 

35,610 

SN-10  Nylon-Acrylic 

Laminate 

• 

1-2 

.2$k 

.06U 

12,600 

37,250 

1-3 

.253 

.063 

12,700 

36,800 

23-1 

.257 

.06U 

9,300 

36,600 

1-5 

.253 

.063 

11,500 

37,000 

22-1 

.256 

.06U 

10,700 

35,250 

Average 

11,375 

36,580 

Plexiglas 

and  Laminate 

Composite 

A1 

.li02 

.10 

7,500 

27,U50 

A2 

.399 

.10 

16,000 

25,150 

A3 

.Uoo 

.10 

10,000 

2U,55o 

aU 

.Uoo 

.10 

19,000 

2U,35o 

a5 

.398 

.10 

iu,750 

2U,100 

Average 

13,U62 

25,120 

MECHANICAL  PROPERTIES  OF  STRETCHED  PLBXIGUS  55 


CODE! 


l.BF.12.1.1 


J-.rJL 


BEARING  STRENGTH  AT  +2000F 

Specimen 

t 

Bearing 

Stress  At 

Ultimate 

No. 

Area  (in. 2) 

h%  E.  (PSI) 

Stress  (PSI) 

Stretched  Plexiglas  55 

D6 

.2U5 

.061 

10,625 

25,600 

B7 

.2U5 

.061 

7,000 

25,700 

B8 

.2U5 

.061 

12,630 

25,700 

B9 

.2U5 

.061 

12,280 

27,000 

BIO 

.2U5 

.061 

8,600 

27, 700 

Average 

10,227 

26,3U0 

SN-10  Nylon-Acrylic 

Laminate 

1-U 

.253 

.063 

1,7U0 

17,800 

1-7 

.25U 

.06U 

:  i>i8o 

17,800 

1-8 

.25U 

.06U 

1J180 

18,100 

1-9 

.255 

.06U 

1,250 

17,650 

1-10 

.255  • 

.06I4 

1,250 

17,820 

Average 

1,320 

17,83U 

Plexiglas  and  Laminate  Composite 

C-1 

.U09 

.102 

7,100 

21,750 

C-2 

.Ul2 

.103 

7,900 

23,200 

C-3 

.Ul5 

.loU 

8,U50 

20,250 

c-U 

.Ul5 

.10I4 

5,720 

21,500 

c-5 

.lilO  ' 

.102 

9,560 

23,100 

Average 

7,7U6 

21,960 

code: 


MECHANICAL  PROPERTIES  OF  STRETCHED  PLEXIGIAS  $5 

l.BF.12.1.1 

"1 

BEARING 

STRENGTH  AT  -65°F 

:[ 

"r 

Specimen 

t 

Bearing 

Ultimate 

No. 

(in.) 

Area  (in.^) 

Stress  (PSI) 

Stretched  Plexiglas  $$ 

1 

A-1 

GO 

CM 

• 

.06 

23,350 

1 

A-2 

.239 

.06 

26,600 

A-3 

CM 

CM 

• 

.06 

23,000 

] 

A-U 

.2U5 

.061 

23,750 

a-5 

,2hS 

.061 

2l;,U50 

1 

Average 

21;,230 

I 

SN-10  Nylon-Acrylic  Laminate 

T 

1-17 

.257 

.p6U 

56,500 

1 

1-18 

.256 

.061; 

55,000 

I 

1-19 

.257 

.06U 

58,750 

1-20 

.257 

.061; 

53,500 

I 

1-21 

.257 

.061; 

53,550 

-r 

Averagd 

55,1;60 

Plexiglas  and  Laminate  Composite 

! 

B-1 

.U03 

.10 

30,500 

1 

1 

B-2 

.U02 

.10 

31,530 

1 

B-3 

.Uoo 

.10 

31,200 

1 

B-li 

.Uoi 

.10 

31, Uoo 

B-$ 

.U07 

.10 

30,700 

Average 

31,066 

1 

coni 


fMnom 
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ROOM  TaiPERATURE  ULTIMATE  NET  TEUSILE  STRESS 
.  AJjP  NOMINAL  LOAD  CARRIiilP  PER  UNIT  VJIDTH 


Specimen 

•  Net  Tensile 
Area  (in*^) 

Ultimate 

Ultimate  Net  Tensile 

Nominal  Tensile 
Load  -  Ultimate 

No. 

Load  (lbs.) 

Stress  (PSI) 

(^/Linear  in.) 

Stretched  Plexiglas  $$ 


B1 

•h3l4 

2,020 

lij65o 

1,010 

B2 

.U3U 

2,320 

5,350 

i,l6o 

33 

.U33 

2,2U5 

5,200 

1,122 

bU 

.U31 

2,lii0 

U,970  . 

i,oUo 

.I;31 

2,360 

5,U8o 

i,i8o 

Average 

2,217 

5,130 

1,108 

SN-10  Nylon-Acrylic  Laminate 

Mo. 

(ln2) 

(lbs.) 

(PSI) 

#/Linear  In. 

1-2 

.U37 

2,370 

5,U30 ' 

1,190 

1-3 

.U35 

2,325 

5,350 

1,170 

1-23 

M2 

2,310 

5,230 

1,160 

1-5 

.U36 

2,335 

5,350 

1,175 

1-22 

.U39 

2,260 

5,150 

1,135 

Average 

2,320 

5,300 

1,165 

Stretched  Plexiglas  5$  &  SN-10  Nylon-Acrylic  Composite 


Net  Tensile  Area 


Specimen 

No. 

of  Composite 
(in^) 

A1 

.70 

A2 

.69 

A3 

.69 

aU 

.69 

a5 

.69 

Average 

%  of  Net  Tensile 

Ultimate 

Area  Contributed 

Load 

by  Plexiglas 

(lbs . ) 

62.2  2,7U5 


62.5 

2,515 

62.0 

2,U55 

62.0 

2,li35 

62.3 

2,U10 

2,512 

Now.  Tensile 
Avg.  Ult.Net  Load  for 
Tensile  Stress  Composite 
of  Composite  (^/Linear  in.) 


3,930 

1,380 

3,650 

1,260 

3,560 

1,230 

3,530 

1,220 

3,500 

1,210 

3,635 

1,260 

ajBa.tts  MvtMWBa/v 


MECHANICAL  PROPERTIES  OF  STRETCHED  PLEXIGLAS  $5 

code: 

l.BF.12,1.1 

^AOE  — ^  OF  17 

+200°F  ULTIMATE  NET  TSISILS  STRESS 
AND  NOMINAL  LOAD  CAFiRIEU  PER  UI-JITITIDTH 


Stretched  Plexinlas  $$ 


Specimen 

No. 

Net  Tensile 
Area  (in^) 

Ultimate 

Load  (lbs.) 

Ultimate  Net 
Tensile  Stress 
(P3I) 

Nominal  Tensile 
Load  -  Ultimate 
(({^/Linear  in.) 

B6 

.li29 

1,560 

3,61*0 

780 

B7 

.U30 

1,570 

3,660 

785 

B8 

.1*30 

1,570 

3,660 

785 

B9 

.1*29 

1,650 

3,81*0 

825 

BIO 

.1*29 

1,690 

3,91*0 

8U5 

Average 

1,608 

3,750  , 

805 

SN-10  Nylon-Acrylic 

Laminate 

1-1* 

.U35 

1,125 

2,560 

565 

1-7 

.1*37 

1,130 

2,560 

567 

1-8 

.1*37 

1,150 

2,580 

578 

1-9 

.1*38 

1,130 

2,550 

568 

1-10 

.1*38 

1,11*5 

2,560 

.575 

Average 

1,136 

2,560 

570 

Stretched  Plexiglas  55  &  SN-10  Nylon-Acrylic  Composite 

Specimen' 

No. 

Net  Tensile 
Area  of 
Composite 
(in2) 

%  of  Net  Tensile 
Area  Contributed 
by  Plexiglas 

Ultimate 

Load 

(lbs.) 

Average  Ult.  Net 
Tens ile  Stress 
of  Composite 
(PSI) 

Norn.  Tensile 
Load  for  ' 
Compdsite 
(({^/Linear  in.) 

Cl 

.717 

61.2 

2,225 

3,110 

1,110 

C2 

.718 

'  59.9 

2,395 

3,31*0 

1,200 

03 

.720 

59.U 

2,130 

2,960 

1,070 

Cl* 

.722 

59.1* 

2,250 

3,120 

1,130 

05 

.716 

60.0 

2,360 

3,290 

1,1B5 

Average 

2,272 

3,165 

1,11*0 

I 

I 

I 

I 

I 
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ULTIMATE  NET  TEt'JSILE  STRESS  ‘ 
AND  NOMINAL  LOAD  6aRHI;:;D  PEil  UNIT  WIDTH 


Snecimen  • 
No. 

Net  -Tensile 
Area  (in^) 

Ultimate 

Load  (lbs.) 

Ultimate  Net 
Tensile  Stress 
(PSI) 

Nominal  Tensile 
Load  -  Ultimate 
((^/Linear  in.) 

A1 

.Ul7 

Stretched  Plexiglas  55 

1,390  3,350 

695 

A2 

.Ul8 

1,600 

3,830  . 

800 

A3 

.U23 

1,380 

3,260 

690 

aU 

.U29 

1,U50 

3,380 

725 

A5 

.U29 

1,U90 

3,U80 

7U5 

Average 

1,U62 

3,U60 

730 

SN-10  Nylon-Acrylic 

Laminate 

1-17 

.UUo 

3,620 

8,230 

1,850 

1-18 

.UUO 

3,511 

8,000 

1,760 

1-19 

.hhl 

3,775 

8,570 

1,900 

1-20 

.UUo 

3,U15 

7,770 

1,720 

1-21 

.UUi 

3,U20 

7,770 

1,720 

Average 

'  3,5U8 

8,060 

.  1,790 

stretched  Plexiglas  55  &  SN-10  Nylon-Acrylic  Composite 

Specimen 

No. 

Net  Tensile 
Area  of 
Comoos ite 
(in2) 

%  of  Not  Tensile 
Area  Contributed 
by  Plexiglas 

Ultimate 

Load 

(lbs.) 

Average  Ult.  Net 
Tensile  Stress 
of  Comoosite 
(PSI) 

Norn.  Tensile 
Load  for 
Composite 
(^/Linear  in.) 

31 

.693 

60 

3,o5o 

U,Uoo 

1,5U0 

32 

.690 

60 

3,153 

U,570 

1,590 

33 

.688 

62 

3,120 

U,5Uo 

1,570 

bU 

.690 

61.5 

3,lli0 

U,55o 

1,580 

35 

.700 

61.0 

3,070 

U,390 

i,5Uo 

Average 

3,106 

U,li90 

1,565 

a/taata  as. 
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>MTwafy 


Bearing  Stresg  and  Hole  JDefpimatioii  vs  Temperature 


.002  .006  .010  .014  .018 

bches 

Elongation 


Room  Temperature  Bearing  Stress  vs  Elongation  of  the  Bearing  Hole 


.002  .006  .010  .014  .018  .022 


Inches 

Elongation 

+200*F  Bearing  Stress  vs  Elongation  of  Hole 


o  a  stretched  Plexiglas  55 
-Da  SN-10  Nylon-Acrylic 
A  >  Composite 


-80  -40  0  40  80  120  160  200  240 

Temperature  -  ’F 

Notch  Tensile  Stress  vs  Temperature 


o  =  Stretched  Plexiglas  55,  t  =  .250 
D  =  Nylon -Acrylic,  t  =  .250 
A  =  Composite,  t  “  .400 


40  80  120  160 

Temperature  -  ‘F 


200  240 


Tensile  Load  per  Linear  Inch 
vs  Temperature 
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Envelope  of  Fatigue  Results  for  Stretched  Plexiglas  55  with  1-3/8  Inch  Hole-edge  Distance 
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Envelope  of  Fatigue  Results  for  Stretched  Plexiglas  55  with  5/8  Inch  Hole-edge  Distance 


code: 


MBCTIANICAL  PROPERTIES  OF  STRETCHED  PLEHOIAS  5$ 


JLcJd. 


Pounds/Linear  Inch 


I 

Pounds/Llnear  Inch 


^  o  <5  2  * 

ej  cj  H 

ISd  -  ssaj^s  ©IT»09X  »9N 


( 

! 


I 

I 


CODE 


MECHANICAL  PROPERTIES  OF  STRETCHED  PLEXIGIAS  $5 


l.BF.12.1.1 


PAOE 


or 


17 


Pounds/linear  Inch 


Gat»t»a0»Mnoi%i 


Envelope  of  Fatigue  Results  for  Composite  Specimen 


MECHANICAL  PROPERTIES  OF  PLEXIGUS  II 

CODE: 

l.BF.12.2.1 

MATERIAL  IDENTIFICATION  ( COML . 1 

As  Cast  Plexiglas  II 

MATERIAL  STATUS 

Production 

HEAT  OR  BATCH  NUMBER 

Unavailable 

FORM 

.250  Sheet 

PROCESSING  CONDITION 


Not  Applicable 

OBJECT  OF  TEST 

Determine  bearing  strength  of  "as  cast" 
Plexiglas  II 


RAC  DATA  REF. 

ERMR  U6l5  Dated  October  15,  1958 


SPECIMEN  TYPE 

Bearing  specimens  prepared  twice  scale  of  Fed.  Spec.  L-P-li06  Method  105l 
(27  September  1951). 


TEST  METHOD: 


Bearing  tests  were  conducted  at  Room  Temperature  and  200 °F  in  accordance  with 
Method  105l  of  Fed.  Spec.  L-P-U06, 

Federal  Specification  L-P-U06  Method  1051  is  limited  to  evaluating  .125  stock. 
Conformance  to  specification  requirements  was  attained  by  increasing  the  dimensions 
of  the  test  specimen  in  proportion  to  the  increased  thickness  of  the  test  material. 
An  edge  distance  ratio  of  5  times  the  hole  diameter  was  maintained. 


as. 


CM  f^CO  Os  ol*^ 


as  Cast  Plexiglas  II 


Bearing 


Load  at 


stress  at 


verage 


inch  es 

inches'^ 

lbs. 

rsi 

lbs 

2530 

.2U1 

.0603 

1225 

20,250 

2110 

.265 

.0662 

815 

12,250 

1590 

.251l 

.0533 

1150 

18,150 

1U95 

.2U0 

.0600 

U75 

19,500 

1285 

.2U5 

.0612 

1200 

19,600 

22140 

.271 

.068 

1015 

1U,900 

1175 

.266 

.0665 

1390 

.272 

.068 

1150 

16,950 

1760 

.239 

.0600 

1012 

16,800 

2200 

1093 

157175 

1787 

PSI 


39,000 

31,000 

2li,000 

23,^ 

20,153 

36,500 

17,250 

20,900 

25,850 

36,600 


27,U75 


COBBOn/UftO/V 
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Bearing  Strength  at  200OF 
As  Cast  Plexiglas  II 


Specimen 

Number 

Bearing 

Area 

Load  at 
h%  Elong. 

Stress  at 
Elong. 

Ultimate 

Load 

Ultimate 

Stress 

Type  * 
Falitre 

inches 

inches 

lbs. 

PSI 

lbs. 

PSI 

"I 

.2^9 

.061;6 

675 

io,U5o 

1210 

18,700 

B 

2 

.251 

.0628 

650 

10,350 

1230 

19,600 

B 

3 

.266 

•066U 

1260 

19,000 

B 

U 

.255 

.0638 

875 

13,700 

l]l55 

22,750 

B 

5 

.21;8 

.062 

775 

12,500 

1315 

21,700 

B 

6 

.270 

.0675 

lli75 

21,800 

A 

7 

.270 

.0675 

682 

10,100 

1390 

20,600 

A 

8 

.267 

.0668  • 

682 

10,250 

IU65 

22,000 

A 

9 

.273 

.0682 

650 

9,530 

1310 

19,200 

A 

10 

.261 

.0652 

662 

10,150 

1200 

18,100 

/• 

Average 

7o5 

10,879 

”13311 

20,315 

*  "A"  lype  Failure  characterized  by  tensile  break  across  the  bolt  hble. 

"B"  Type  Failure  -  See  Table  I 


THERMO -PHYSICAL  PROPERTIES  OF  U-700 

gB 

MATERIAL  IDENTIFICATION  (COML.I 

Udimet  700  (Kelsey  Hayes  Co. ) 

MATERIAL  STATUS 

Experimental 

HEAT  OR  BATCH  NUMBER 

5-2031 

FORM 

.  040"  Thick  Sheet 

PROCESSING  CONDITION 

As  rolled 

OSJECT  OF  TEST 

To  determine  thermal  expansion 
characteristics. 

RAC  DATA  REF. 

RAC  unpublished  test  datsl.  dated  14  July 

I960,  Ref.  MRPW.O.  58-128 

SPECIMEN  TYPE 

U-Channel,  .  040"  Thick  x  75"  Wide  x  .  50  Flanges  x  10"  Long 

TEST  METHOD: 

A  tgn-inch  long^Udimet  700  sheet  meta.1  specimen  was  heated  from  room  temperature 
(70  F)  to  1500  F.  Length  of  specimen  was  measured  and  recorded  at  intervals  of 
IOOOF. 


CHEMICAL  COMPOSITION  (BY  WEIGHT)* 


Carbon 

Aluminum 

T  itanium 

Molybdenum 

Chromium 

Cobalt 

Iron 

Boron 

Silicon 

Manganese 

Copper 

Zirconium 

Nickel 


Nominal 


.  15  Max 
3.75  -  4.75 
3.00  -  4.00 
4.  50  -  5.  75 
13.00  -  17.00 
17.00  -  20.00 
1.0  Max 
.  10  Max 


Remainder 


Heat  5-2031 

0.07 
4.3 
3.  39 
5.20 
15.4 
18.6 
0.34 
. 029** 

less  than  0.  10 
less  than  0.  10 
less  than  0.  10 
less  than  0.  05 
Remainder 


e  Ladle  analyses  as  reported  by  vendor. 

**  After  rolling  .  040  sheet  boron  content  reduced  to  0.  17. 
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THERMAL  EXPANSION  OF  UDIMET  700 


Temperature 

Specimen 

Coef.  of  Expansion 

OF 

Length 

From  7CPF.  -  in/in/°F 

(in) 

70 

10.0030 

ZOO 

10,0095 

4.99  X  lO"** 

300 

10,0175 

6.30 

400 

10.0250 

6.66 

500 

10.0300 

6.28 

600 

10.0375 

6.51 

700 

10.  0445 

6.59 

800 

10.  0500. 

6.44 

900 

10.0570 

6.50 

1000 

10. 0640 

6.  56 

1100 

10.0710 

6. 60 

1200 

10.0775 

6.59 

1300 

10. 0860 

6.75 

1400 

10.0910 

6.61 

1500 

10. 0950 

6.43 

Thermo-Physical  Properties  of  Epoxy  Foams 

code: 

2.B. 8.2.1 

RAGE  -2: _  OF  _i_ 

MATERIAL  IDENTIFICATION  ( COML . 1 

Trufoam  F-lOO  (Republic  Aviation) 

MATERIAL  STATUS 

Semi-Production 

HEAT  OR  BATCH  NUMBER 

FORM 

See  data  below 

Various  shaped  solid  foams 

PROCESSING  CONDITION 

Thermal  testinf:  wac  conducted  on  foamed  samples  after  post-curing 
for  a  minimum  of  h  days  at  2$0^F _ 


OBJECT  OF  TEST 

To  determine  the  thermal  properties  of 
epoxy  foams  when  used  as  doppler  lenses 


RAC  DATA  REF. 

MRP  59-6-3,  March  6,  196I 


SPECIMEN  TYPE 

Thermal  shock  -  18*0  dia«  x  Ii.75  deep  conical  lens  (page  5  of  5)# 
Coefficient  of  expansion  -lx  l/2  rectangular  section  x  length  indicated* 


TEST  METHOD: 


Thermal  shock  tests  were  conducted  in  conformance  with  the  requirements  of 
MIL-E-5272A,  The  conditions  of  test  entailed  a  series  of  repetitive  exposures 
to  -UO^F  and  190®F .  Dimensional  measurements  were  obtained  by  using  feeler  gages 
against  a  face  template,  and  diametric  changes  were  obtained  with  a  vernier 
caliper*  Station  locations  were  as  shown  on  page  5#  The  lens  was  completely 
unrestrained  during  test. 

Linear  coefficient  of  thermal  expansion  was  conducted  on  rectangular  'sections 
of  fully  post  cured  stock.  The  thermal  gradient  along  the  length  of  the  specimen 
was  controlled  to  be  within  l^F.  The  thermal  expansion  measurements  were  obtained 
with  a  vernier  caliper  positioned  on  parallel  blocks. 


Thermo-Physical  Properties  of  Epoxy  Foams 
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Table  I  -  Thermal  Shock  Test  of  Trufoam  F-lOO'JHf 


Column  A  was  obtained  before  thermal  shock 

Column  B  was  obtained  after  a  four  day  post  cure  at  250®F 

Column  C  was  obtained  after: 

h  hours  at  190®F) 
k  hours  at  -i;0  ) 

U  hours  at  190  )  Thermal  shock  exposure 

k  hours  at  -UO  ) 
k  hours  at  190  ) 

k  hours  at  -UO  ) 

Column  D  is  the  difference  between  A  &  B 
Column  E  is  the  difference  between  B  &  C 
Column  F  is  the  sum  of  D  &  E 


Dimensional  Measurements j  inches 


Sta,  No. 

A 

B 

c 

D 

E 

F 

1 

.0015 

.00U5 

.0195 

+  .003 

+  .015 

+  .018 

2 

.0025 

.0035 

.0075 

+  .001 

+  .OOI4 

+.005 

3 

.0055 

.0075 

.0095 

+  .002 

+  .002 

+  .OOI4 

li 

.0025 

.0065 

.00U5 

+  .OOU 

-.002 

+  .002 

5 

.0025 

.0065 

.0025 

0 

0 

• 

-.002 

+  .002 

6 

#.002 

.0055 

♦.002 

+  .OOI4 

1 

• 

0 

.000 

7 

.0025 

.0105 

.0035 

+  .008 

-.007 

+  .001 

8 

.0025 

.0015 

.00)45 

+  .009 

0 

0 

• 

1 

+  .002 

9 

.0035 

.0135 

.0025 

+.010 

-.011 

-.001 

10 

.0035 

.oiii5 

W0025 

+.011 

-.012 

-.001 

11 

♦.002 

.0105 

♦.002 

+.009 

-.009 

.000 

12 

.0025  ' 

.0065 

♦.002 

+.0014 

0 

• 

1 

-.001 

U 

.OQ35 

.0055 

♦.002 

+  .002 

0 

0 

• 

1 

■  -.002 

Hi 

.0025 

♦.002 

.0025 

-.001 

+.001 

.000 

1? 

.0035 

.00)45 

.0055 

♦.001 

+.001 

+  .002 

*  less  than  P-\C  formulated  epoxy  foam  (nominal  2?  Ibs/ft3  density) 
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Sta.  No, 

A 

B 

c 

D 

E 

F 

16 

.0055 

.0055 

% 

'.0095 

+  .000 

+  .00li 

+  .00ii 

17 

.0035 

#.002 

.0085 

-.001 

+  .006 

+,60$ 

18 

.0055 

.0085 

.0195 

+  .003 

+  .011 

+  .008 

19 

.ooU5 

#.002 

#.002 

-.003 

.000 

-.003 

20 

.000 

.007 

.0165 

+  .007 

+.0085 

+.0150 

21 

.000 

.006 

.0iii5  . 

+.006 

+.0085 

•  +.011;5 

22 

.000 

CVJ 

o 

• 

.025 

+  .025 

.000 

+.025 

23 

.003 

.022 

.0185 

+.019 

+.0035 

+.0225 

2U 

.002 

#.002 

#.002 

#.002 

.000 

#.002 

Diameters 

25 

18.000 

17.975 

17.950 

-.025  • 

-.025 

-.050 

26 

18.000 

17.988 

17.965 

-.012 

-.023 

-.035 

27 

17.990 

18.000 

17.970 

+  .010 

-.030 

-.020. 

28 

11.505 

11.513 

11.520 

V.008 

+  .007 

+.015 

Ambient  Temperatures 

76°F 

71  OF 

71  op 

*  less  than 

RAC  Formulated  epoxy  foam  (nominal  25  Ibs/ft^  density) 
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Table  II  -  Determination  of  Linear  Coefficient  of  Expansion  of  Tr\ifoam  F-lOO 


Length  at  Length  at 

77°Fi  Inches  l60°F,  Inches 


Difference  Coefficient  of 

77°  -  160°F,  Linear  Expansion, 
Inches  in/in/°F 


a. 

3.1^2 

3.160 

.008 

30.5  X  10 

U.lliO 

I1.158 

.018 

52.5  X  10“^ 

c« 

U.107 

U.116 

.009 

26Ji  X  10"^ 

average 

36.5  X  10"^ 

tsoBBonATtoiv 
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ELBCTRICAIi  PROPERTIES  OF  CONDUCTIVE  AND  REFLECTIVE  RESINS  • 

CODES 

3.B. 8.1.1 

RA6E  — 1 OF  ^ 

MATERIAL  IDENTIFICATION  (COML.I 

See  data  below 

MATERIAL  STATUS 

Experimental 

NEAT  OR  BATCH  NUMBER 

See  data  below 

FORM 

Liquids  and  pastes 

PROCESSING  CONO 1 TION 

The  coating  under  test  was  applied  by  brushing  or  spraying  and 
allowed  to  air  dry  for  a  miniiaum  of  2U  hours 

OBJECT  OF  TEST 

To  determine  the  suitability  of 
plastics  for  electrical  applications 

RAC  DATA  REF. 

MHD  Report  No.  59-38-1,  June  2U,  I960 

SPECIMEN  TYPE 

Flat  panels  11"  x  11"  x  0.1"  thick  epoxy  fiberglass  were  coated  with  0.005  -  0.010" 
thick  coatings 


TEST  METHOD: 


Electrical  conductivity  was  measured  with  a  vacuum  tube  volt  meter.  The  Volt 
meter  probes  were  placed  10  inches  apart  on  the  surface  of  the  panels. 

Radar  reflectivity  measurements  were  recorded  from  positions  on  the  panel. 

The  positions  were  located  at  the  midpoint  of  the  four  5«5  inch  square  quadrants 
of  the  panel.  The  output  of  an  X-band  generator  was  positioned  at  a  20°  incident 
angle  and  a  high  gain  pick-up  horn  was  adjusted  for  a  2(fi  reflection  angle.  A  VSW 
ratio  meter  was  set  at  100^,  based  on  a  standard  polished  aluminum  sheet. 


'nMwwont 


code: 


ELECTRICAL  PROPERTIES  OF  CONDUCTIVE  AND  REFLECTIVE  RESINS 
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TABLE  I 

Reflectivity  and  Conductivity  of  Plastlca 


Reflectivity  -  % 


Material 

Position 

I 

Position 

II 

Position 

III 

Position 

IV 

Conductivity 

DC-OHMS 

Trulite  S-1000» 

97 

99 

100 

96 

<  1  ohm 

Trulite  S-1000-1 

91 

95 

93 

96 

20  ohms 

Hysol  62$0>^ 

100 

100 

99 

99 

4  1  ohm 

Hysol  62p0-6 

71 

62 

50 

61i 

infinite 

Trulite  S-2000 

91 

67 

75 

70 

Infinite 

Trulite  S-2000 

90 

100 

95 

100 

Infinite 

Trulite  S-1000-2 

7U 

75 

78 

77 

80,000  ohms 

Trulite  S-1000-3 

51 

52 

55 

52 

infinite 

Trulite  S-IOOO-U 

56 

5U 

52 

5U 

infinite 

Trulite  S-lOOO-5 

57 

6U 

56 

60 

infinite 

H3rsol  6251 

52 

5U 

U8 

U8 

infinite 

Trulite  S-2000-1 

U3 

li3 

liU 

U3 

infinite 

Flame  Sprayed  SF 

98 

99 

99 

99 

41  ohm 

Aluminum 


*  Trulite  -  RAC  material 

**  Hysol  -  Hysol  Corporation,  Clean,  N.  Y. 


MlSCiiLLAi:20US  ?R0?-KTIES  OF  EPOXY  TOOLING  RESINS 

code; 

5.B.8.3,.1 

MATERIAL  IDENTIFICATION  (COML.I 

MATERIAL  STATUS 

See  data  below 

Production 

HEAT  OR  BATCH  NUMBER 

Not  applicable 

FORM 

Liquids  and  t  astes 

PROCESSING  CONDITION 

Epoxy  castings  were  catalyzed  and  po\ired  at  room  temperature  and  allowed  to 
cure  for  a  minimum  of  2h  hours  at  room  temperature. 


OBJECT  OF  TEST 

To  evaluate  epoxy  resins  for  use  as  a 
general  purpose  tooling  material 


RAC  DATA  REF. 

MRD  59-U8-1,  October  20,  19$9 


SPECIMEN  TYPE 

Flexural,  compressive,  impact,  and  density  specimens  were  as  per 'Federal  Specification 
L-P-U06b,  Methods  I03I,  1021,1,  1071  and  5012. 

TEST  METHOD: 


The  mechanical  properties  evaluated  (Table  I)  were  condxicted  in 
accordance  with  the  testing  procedures  of  Federal  Specification  L-P-li06b. 

The  physical  properties  of  gel  time  and  exotherm  temperature  were  evaluated 
by  casting  300  gms  of  catalyzed  resin  into  a  U  inch  diameter  x  3  inch  high 
wide  mouth  paper  cup  and  positioning  a  thermocouple  lead  (connected  to  a 
Speedonax  recorder)  in  the  center  of  mass.  The  gel  time  was  selected  to 
be  coincidental  vdth  the  time  of  maximum  exotherm  as  shown  on  the  SpeedomaLX 
recorder.  The  heat  resistance  service  test  conducted  (Table  II)  was  visual 
observation  of  the  resin  under  test  to  act  as  a  fastener  for  drill  bustlings. 
Thermocouples  were  attached  to  the  bushing  and  then  cast  in  place  with  the 
rosin  under  test.  The  assembly  was  heated  in  increments  of  (starting 

at  100®!'’  to  500°F)  held  at  temperature  for  a  minimum  of  15  minutes  and 
visibly  examined. 


TABLE  I 


99m§»ajmitgL,§c  canman/Birgonf 


